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PREFACE. 
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Tiiis Work is iutoiidod as a Manual for Medical 

Students. The original plan was to embody in it 

only such matter as was absolutely required for the 

first year's student in the Medical Schools ; but this 

plan was not carried out, since the book would then 

have been, in some measure, incomplete as a Manual 

of Histology. The work contains a good deal that 

will be acceptable to the advanced student, as well 

as to the beginner. 

My best thanks are due to Mr. Charles Berjeau, 

F.L.S., for the readiness and artistic skill with which 

he has executed the illustrations on wood. Some of 

the figures are copied from the " Atlas of Histology," 

others from the "Handbook for the Physiological 

Laboratory." The former are marked "Atlas," tlie 

latter "Handbook." 

E. KLEIN. 

May, 1883. 
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1. Tbb ripeoToni (Fig. 1) of manfuidmainmalais 
a minute spherical clump of a soft, gelatinous, traiia- 
parent, granular-looking substance, containing nume- 
rouH minute particles — yolk 
globules. It ia invested 
by a vertically-striated deli- 
cate membrane, called the 
zona pellucida Inside this 
clump, and situated more 
or less excentrically, is a 
vesicle — the germinal veeiole 
— and inside this, one or more 
solid spots — the germinal 
tpot or spots. The gela- 
tinouH transparent substance 
of the oviim, containing a 
very large percentage of proteid material, is called 
Protoplasm. Before and immediately after fertilisa- 
tion, the protoplasm of the ovum shows distinct move- 
ment, consisting in contraction and expansion. These 
movements are spontaneous — i.e., not caused by any 
directly visible external influence. 

The diameter of the ripe ovum in man and domestic 
animals varies between ^^ and y^^ of an inch. But 
before it ripens the ovum is considerably smaller — in 
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fiict, ite oze ia in proportion to ita state of develop- 

2. FerUllsatloit causes marked changes in the 
contractioiis of the protoplasm of the ovum ; theae 




lead to eteavoffe or dimwn of its body into two parts, 
the germinal vesicle having previonslj split ap into 
two bodies or nuclei so that we now find the ovum 






Fig 3a From ■ SaeUrm hrongli Uu Bndiiiisnt of tha EmbfTo Chlok. 



iC^ 



IbenypobLa 



haa originated two Jiew elements, each of which con- 
sists of protoplasm, of the same substance as that of 
the original ovum, and each contains one nncleus or 
kernel The investment of the oviim takes no part in 



this process of division. Not long after, each of the 
two daughter elements undergoes deavoge or division 




cencnl folk ; K noiulndi 






into two new elements, the nucleus having previouBly 
divided into two, bo tJiat each of the new offepring 
possesses its own nucleus. This prooess of division is 
continued in the same manner for many generations 
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(Figs. 2, 3a, 3b), so that after a few days we find 
within the original investment of the ovum a large 
number of miniite elements, each consisting of 
protoplasm, and each containing a nucleus. 

3. From these elements, which become smaller as 
the process of cleavage progresses, all parts and organs 
of the embryo and its membranes are formed. It can 
be easily shown that the individual elements possess 
the power of contractility. Either spontaneously or 
under the influence of moderate heat, electricity, 
mechanical or chemical stimulation, they throw out 
processes and withdraw them again, their substance 
flowing slowly but perceptibly along. Hence they 
can change their position. In this respect they com- 
pletely resemble those lowest organisms which are 
known as amoebsB, each of these being likewise a 
nucleated mass of protoplasm. Wherefore this move- 
ment is termed amceboid movement. It can be further 
shown that they, like amoebse, grow in size and divide 
— that is to say, the individuals of a generation grow 
in size before each gives rise to two new daughter 
individuals. 

4. Although for some time during embryonal life 
the elements constituting the organs of the embryo are 
possessed of these characters, a time arrives when 
only a limited number of them retain the power of 
contractility in any marked degree. At birth only the 
white corpuscles of the blood and lymph, many of the 
elements of the lymphatic organs, and the muscular 
tissues, possess this power, while the others lose it, 
or at any rate do not show it except when dividing 
into two new elements. Some of these elements 
retain their protoplasmic basis ; as a rule, each con- 
tains one nucleus (but some two or more) and is 
capable of giving origin by division to a new genera- 
tion. Others, however, change their nature altogether, 
th^ protoplasm and nucleus disappear, and they 
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give origin to material other than protoplasm — 6.^., 
collagenous, osseous, elastic, and other substances. 

5. Beginning with the ovum, and ending with the 
protoplasmic nucleated elements found in the organs 
and tissues of the embryo and adult, we have, then, 
one uninterrupted series of generations of elements, 
which with Schwann we call cfUla and with Briicke 
elememta/ry orgomisma. Of these it can be said that 
not only is each of them derived from a cell ( Virchow : 
omnia celltUa a celliUa)^ but each consists of the 
protoplasm of Max Schultze (Sarcode of Dujardin), 

Fig. i.— Amoeboid moTement of a White Blood Corpuscle of 'HLxa. \ 
TariouB phases of moTement. (Handbook.) 

is without any investing membrane, and includes 
generally one nucleus, but may contain two or more. 
We can further say that each of these cells shows the 
phenomenon of growth, which presupposes nutrition, 
and reproduction. All of them in an early stage of 
their life history, and some of them throughout it, 
show the phenomenon of contractility, or amoeboid 
movement (Fig. 4.) 

Cells differ in shape according to kind, locality, 
and function, being spherical, irregular, polygonal, 
squamous, branched, spindle-shaped, cylindrical, pris- 
matic, or conicaL These various shapes will be more 
fully described when dealing in detail with the various 
kinds of cells. Cells in man and mammals differ in 
size within considerable limits : from the size of a 
small white blood corpuscle of about -a-renr ^^ ^^ is^x^ 
to that of a large ganglion cell in the anterior horns of 
the spinal cord of about -^^ of an inch, or to that of a 
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multinucleated cell of the bone marrow — ^myeloplax — 
some of which surpass in size even the ganglion cells. 
The same holds good of the nucleus. Between "tiie 
nucleus of a ganglion cell of about -^^ to xhr^s ^^ ^^ 
inch in diameter and the nucleus of a white blood 

corpuscle of about ^wiru ^ loooo ^^ *^ ^^^ *"^^ ^^^ 
there are all intermediate sizes. 

6. Protoplasm is a transparent homogeneous or 
granular-looking substance. On very careful examina- 
tion with good and high powers, and especially when 
examined with certain reagents, in many instances it 
shows a more or less de^te siructure, composed of 
fibrils, more or less regular, and in some instances 
grouped into a honeycombed or Hbrillar reticulum 
in the meshes of which is a homogeneous iilterstitial 
substance. The closer the meshes of the reticulum, 
the less there is of this interstitial substance, and the 
more regularly granular does it appear. In the meshes 
of the reticulum, however, may be included larger or 
smaller granules of fat, pigment, or other material. 
Water makes protoplasm swell up, and ultimately 
become disintegrated ; so do dilute acids and alkalies. 
All substances that coagulate proteids have the same 
effect on protoplasm. 

7. The nucleus, the size of which is generally in 
proportion to that of the cell, is usually spherical or 
oval. It is composed of a more or less distinct invest- 
ing cuticle and the nuclear contents, which are in the 
ripe state arranged as an irregular or regular network, 
the parts of which may be uniform fibrils or septa, or 
irregularly-shaped trabeculsB. In the life history of 
each nucleus there may be stages in which one or more 
clumps or nucleoli are present in the nuclear network. 
The substance of the nucleus differs chemically from 
that of the cell, the former containing ntuilein. 

Immediately before division the nuclear membrane 
disappears, and also immediately after division the 
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nuclear matter shows no definite boundary. The 
nuclear membrane when present is a condensed outer 
stratum of the nuclear matter. 

In some instances it can be shown that the 
nuclear fibrils are in continuity with the fibrils of the 
cell substance. In the moving white blood corpuscles 
Strieker and Unger have seen the nucleus becoming 
one with the cell substance, and again afterwards 
diflferentkted by the appearance of a membrane. 

8. During diTision of the cell the nucleus 
divides generally before the Cell protoplasm. This 
division of the nucleus has previously been supposed 
to occur in the same manner as that of the cell pro- 
toplasm — Le,^ by simple cleavage. This mode is called 
the direct division, or Hemak's mode of division. 
In this division the nucleus is supposed to become 
constricted, kidney-shaped and hour-glass shaped, and 
if the division is into more than two, lobed. Nuclei 
of these shapes are not uncommon ; but they need not 
necessarily indicate direct division, because, being 
very soft structures, pressure exerted from outside, or 
the motion of the cell protoplasm, may produce these 
shapes ; and, further, the contractility of the nucleus 
may and occasionally has been observed to cause 
these changes of shape. From the observations of 
recent investigators — Biitschli, Hertwig, Strassburger, 
Mayzel, van Beneden, Balfoui*, Eberth, Schleicher, 
Peremeschko, Memming, Klein, Arnold, Pfiitzner, 
Retzius, Bizzozero, and many others — ^it is now known 
that in the embryo and adult, in plant and animal, 
vertebrates and invertebrates, all kinds of cells, before 
their protoplasm undergoes division, show complicated 
changes of their nucleus, leading to division. This 
manner of division \& called the indirect division or 
karyokinesis. It has been observed by Mayzel, 
Schleicher, and Flemming, that the nuclear fibrils 
show movement, hence the name karyokinesis. This 
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process of the kuyokmesis is represented in the ad- 
joining figure, 6, ajid it consists of the following phases : 
(a) The nuclear net-work become very pronounced, 
while the nuclear membrane disappears, and the 
fibrils of the nuclear network becomes twisted and 
bent into a more or less dense convolution; at the 
same time the nucleus, as a whole, is considembty 
enlarged, (b) The fibrils nnravel into loops, arranged 




around the centre aa e. v^reath or rosette, (e) The 
peripheral points of the loops become broken, and 
we obtain a star-shaped figure of single loops — the 
alter, (d) The loops separate into two groups or 
new centres : this is the diaster, or double star. 
{e) The two groups of threads become further apart, 
as if attracted by opposite poles; but the two groups 
remain still connected with one another by fine pale 
threads. These latter differ from the oUiers in not 
staining with certain dyes, and representing the in- 
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terstitial substance of the nuclear matter — t.e., the pale 
substance contained in the original reticulum of the 
nucleus. Flemming calls this substance achromatin, 
whereas the threads forming the original network, the 
convolution, aster and diaster, he calls chromatin, on 
account of its readily staining with dyes. 

In this stage the whole figure resembles a spindle, 
the nuclear spindle of Biitschli (Fig. 6, f). 

(/) Further, all connection between the two sets 
of threads is broken — i.e., between the stars of the 
diaster. {g) The threads of each set become greatly 
convoluted, {h) A membrane appears for each set. 
In this stage we speak of two new or daughter nuclei. 
The cell protoplasm may commence to divide at any 
stage between the one when the threads aggregate 
round two centres, and the one when two distinct 
daughter nuclei are present ; or the division of the 
nucleus may not be followed by the division of the cell 
protoplasm, in which case we have a two-nucleated 
cell. In some instances, especially of invertebrates and 
lower vertebrates, a peculiar sun-like arrangement of 
fibrils of the cell protoplasm towards each of the two 
stars of the above nuclear fibrils has been observed. 
Martin has noticed, in pathological new growths, a 
simultaneous division into three and four daughter 
nuclei, after the mode of karyokinesis. Although 
this indirect mode of division of the nucleus has been 
observed in all kinds of cells in the embryo, and to a 
limited degree also in the adult, it is not proved to 
be the universal mode of nuclear division. On the 
contrary, there is strong evidence that in amoeboid 
corpuscles division of the nucleus follows the direct 
mode, and it is also probable that other nuclei, under 
certain conditions, may undergo the direct mode of 
division. 
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CHAPTER IL 

BLOOD. 

9. Under the microscope blood appears as a trans- 
parent fluid, the liquor sanguinis or plasma, in which 
float vast numbers of formed bodies, the blood cor- 
puscles. The great majority of these are coloured: 
a few of them are colourless. The latter are called 
wkUe or cohv/rless blood corpuscles^ or leucocytes. 
The former are called red or coloured blood corpuscles^ 
and appear red only when seen in a thick layer; 
when in a single layer they appear of a yellow- 
greenish colour, more yellow if of arterial, more 

■ green if of venous blood. The proportions of 
plasma and blood corpuscles are sixty-four of the 
former and thirty-six of the latter in one hundred 
volumes of blood. By measurement it has been found 
that there are a little over five millions of blood 
corpuscles in each cubic millim^re (^^ of a cubic inch) 
of human blood. There appears to be in healthy 
human blood one white corpuscle for 600-1200 red 
ones. In man and mammals the relative number of 
blood corpuscles is greater than in birds, and in birds 
greater than in lower vertebrates. 

10. The red blood coipusdes (Fig. 6) of man 
and mammals are homogeneous bi-concave discs (except 
in the camelidse, where they are elliptical), and do not 
possess any nucleus. Being bi-concave in shape, they 
are thinner and more transparent in the centre than 
at the periphery. In other vertebrates they are oval 
and more or less flattened from side to side, and each 
possesses a central oval nucleus. 

The diameter of the human red blood corpuscles is 
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Fig. e.— Yaiions kinds of 
CozpnmdeB. 




about -y^jy of an inch on the broad, and ys^tht ^^ ^jq 

inch on the narrow sida But there are alwajrs 

corpuscles present which are much smaller by about 

one-third to one-half 

than the others. In 

normal blood these 

small red corpuscles 

are scarce ; in certain 

abnormal conditions, 

especially anaemia, or 

scarcity of blood, they 

are more numerous. 

According to Gulliver, Welcker, and others, the 
following are the measurements of the sizes of red 
blood corpuscles of various vertebrates : — man, 7^^ ; 
dog, 7^; cat, ^^ ; sheep, y^; elephant^ ^^V? \ 
horse, ^^W \ ™^sk deer, y^^ ; pigeon, ^^ ; toad, 



, Two hunao. one seen from tbe broad, 
the other from the narrow side ; b. a red 
corpiucle of the camel ; c, two red corpus- 
ele« of the frog, one seen from the broad, 
the other from the narrow side. 






4600 i 

newt^ 



1 



proteus, 



1 

4XR? ^ 



pike, 



fiOOO 



shark. 



11. In amicroscopic specimen of fresh unaltered blood 
(Fig. 7) the red blood corpuscles form peculiar shorter 

or longer rolls, like so 
many coins, becoming 
adherent to one another 
by their broad surfaces. 
Under various condi- 
tions — such as when 
isolated, or when blood 
is diluted with saline 
solution or solutions of 
other salts (sulphate of 
sodium or magnesium) 
— the corpuscles lose 
their smooth circular 
outline, shrinking and 
In a further stage of this 




Fig. 7.— Hmnan Blood, fresh. 

A, Roaleanx of red oorpusclet ; b, Isolated 
red corpuscle seen in profile ; o, isolated 
red corpuscle seen from its broad sar* 
face ; d^ white corpusdea 

becoming crefnate (Fig. 8, a). 



process of shrinking they lose their discoid form, and 
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become smaller and spherical, but beset all over their 

surface with minute processes. This shape is called the 

horse-clieatnut shape (Fig. 8, 5, c). It is pro- 

O Q ^^ly ^^® *o *^® corpuscles losing carbonic 

acid, as its addition brings back their discoid 

shape and smooth circular outline. On ab- 

w fP stracting the carbonic acid they return to 

^ the horse-chestnut shape. Water, acid, 

^fcd" Blood alcohol, ether, the electric current, and 

a.^wto !^ e, ™8.ny other reagents, produce discoloration 

£55i*****^ ^^ *^® ^^ blood corpuscles ; the colourinis: 

matter — generally the combination of 

the blood-colouring matter with globulin known as 

hcsmoglobin — becoming dissolved in the plasma. 

What is left of the corpuscles is called the 

stroma. In newts' and frogs' blood a separation of 

the stroma from the 

nucleus plus haemoglobin 

can be effected by means 

of boracic acid (Fig. 9, b) ; 

the former is called by 

Briicke the Oikoid, the 

latter Zooid. This stroma ^ "-^^^NSStf"^ "^ 

contains amongst other a. Human red corpuBcIes after the action 

.!_• _ jj 1 £ of tannic acid : a, three red corpuaclea, 

tningS a good aeai Ot para- from which the hsamogloMn is pasdng 

1 IT rm. J. oiit ; *• Roberts's corpuscles. 

glODUlm. Ine stroma b. Newt's red corpuscles after the action 

A .I 1 ^ of boracic acid : a, a corpuscle showing 

Ot tne corpuscles OI Brtlckes* zooid and oikoTd ; ft. a corpus- 

1 -I • . ele showing the reticulated stroma; 

ampniDianS is seen, e, a corpuscle showing the reticulum 

J _. • , in the nucleus ; tf, the nucleus passing 

under certain reagents, out. 
to be of a reticulated 

structure, but in the fresh state appears homo- 
geneous and pale. Discoloration of the blood cor- 
puscles can be observed to take place also in blood 
without the addition of any or with that of per- 
fectly harmless fluids, such as humor aqueus of 
the eye, hydrocele fluid, &c. The number of cor- 
puscles undergoing discoloration is, however, small. 
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The elements of the blood described by Dr. William 
Noma, of Birmiugbam, as the invisible, pale, or third 
corpuscle, are simply red blood corpuscles that have 
become discoloured by the mode of preparation 
{Alice Hart). 

12. The htemogloMn of the red blood corpuscles 
forms crystals {Fig. 10), which differ in shape in the 
various mammals. 
They are always 
of microscopic size, 
and of a bright red 

In man and 
most mammals 
they are of the 
shape of prismatic 
needles, or rhombic 
plates ; in the 
squirrel they are 




1 the guinea-pig they are tetrahedral or octa- 
hedral. The blood pigment itself is an amorphotis 
dark-brown or black powder— the hoeToatvn ; but it 
can be obtained in a crystalline form as hydro- 

chlorate of h£ematin(Fig. 11). These crystals 

^^^4(6 also are of microscopic eize, of a nut-brown 

^fa 4 colour, of the shape of narrow rhombic 

' ' plates, and are called kvemin tryatah, or 

SfttiyTSifc Tetchma/nn's cryatalt. la extravasated 

human blood crystals of a bright yellow 
or orange colour are occasionally met with ; they are 
called by Virchow, their discoverer, hcematoidin. 
They are supposed to be identical with bilirubin, 
obtainable from human bile. 

13. The wrbite or colourless blood cor> 
pnscles are in human blood of about ^-^^^ to jjVjf 
of an inch in diameter, and are spherical in the 
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circulating blood or in blood that has just been 
removed from the vessels. Their substance is trans- 
parent granular-looking protoplasm, containing larger 
or smaller bright granules. These granules are 
either of a fatty nature, or, as in some kinds of 
blood, notably horses', are of a reddish colour, 
and these corpuscles are supposed by some observers 
(Semmer and Alexander Schmidt) to be inter- 
mediate between red and white corpuscles. The 
protoplasm of the colourless corpuscles contains 
glycogen (Kanvier, Schafer). In the blood of lower 
vertebrates the colourless corpuscles are considerably 
larger than in mammals. But in all cases they 
consist of protoplasm, include one, two, or more 
nuclei, and show amoeboid movement. This may be 
observed in corpuscles without any addition to a 
fresh microscopic specim^i of blood, but it always 
becomes much more pronounced on applying artificial 
heat of about the degree of mammals' blood. It 
is then seen that they throw out longer or shorter 
filamentous processes, which may gradually lengthen 
or be withdrawn, appearing again at another point of 
the periphery. "Die corpuscle changes its position 
either by a flowing movement of its protoplasm as a 
whole, thus rapidly creeping along the field of the 
microscope, or it may push out a filamentous process 
and shift the rest of its body into it. During this 
movement the corpuscle may take up granules from 
the surroimding fluid. 

14. The white corpuscles of the same sample of 
blood difler in size and aspect within considerable 
limits, some being half the size of others, some much 
paler than others. The smaller examples generally 
possess one nucleus occupying the greater ps^ of the 
corpuscle, the larger ones usually include two, three, 
or even more nuclei, and show more decided 
amceboid movement than the others. Division by 
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deava^ of the white corpuscles of the blood of lower 
vertebrates has been directly observed by Klein and 
Ranvier. 

15. In every microscopic specimen of the blood 
of man and mammals are found a variable number 
of large granules^ more or less angular, singly or in 
groups, which have been specially studied by Osier. 
According to Bizzozero they are, when 

observed in the living and fresh blood, O a 
pale^ circular, or slightly oval discs g^ Q 
(Fig. 12, 6). Their size is only i to ^ VJ 
of that of the red blood corpuscles. I 

They are called by him hlood plates, and • o ^ 
he supposes them to be of essential im- '^** bi^SJ*""* 
portance in the coagulation of the blood, «• SSe^^wSSd 
in fact, the fibrin ferment Hayem jjates <5f ^bi«o- 
described them previously as being in- 
termediate forms in the development of red blood 
corpuscles, and called them hsematoplasts. 

16. Development of Blood Corpuscles.— 
At an early stage of embryonal life, when blood 
makes its appearance it is a colourless fluid, contain- 
ing only white corpuscles (each with a nucleus), which 
are derived from certain cells of the mesoblast. These 
white corpuscles change into red ones, which become 
flattened, and their protoplasm gets homogeneous and 
of a yellowish colour. AU through embryonal life new 
white corpuscles are transformed into red ones. In 
the embryo of man and mammals these red corpuscles 
retain their nuclei for some time, but ultimately lose 
them. New nucleated red blood corpuscles are, how- 
ever, formed by division of old red corpuscles. Such 
division has been observed even in adult blood of 
lower vertebrates (Peremeschko) as well as in mammals 
(marrow of bone by Bizzozero and Torre). 

An important source for the new formation of red 
corpuscles in the embryo and adult is the ^ed marrow 
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of bones (Neumann, Bizzozero, Rindfleisch), in which ^ 
numerous nucleated protoplasmic cells (marrow cells) 
are converted into nucleated red blood corpuscles. The 
protoplasm of the corpuscle becomes homogeneous and 
tinged with yellow, the nucleus being ultimately lost. » 
The spleen is also assumed to be a place for the forma- 
tion of red blood corpuscles. Again, it is assumed that 
ordinary white blood corpuscles are transformed into 
red ones, but of this there is no conclusive evidenca 
In all tliese instances the protoplasm becomes homo- 
geneous and filled with haemoglobin, while the cell 
grows flattened, discoid, and the nucleus in the end 
disappears. 

Schafer described intracellular (endogenous) for- 
mation of red blood corpuscles at first as small haemo- 
globin particles, but soon growing into red blood cor- 
puscles, in certain cells of the subcutaneous tissue of 
younjc animals. Malassez describes the red blood cor- 
puscli originating by a process of continued budding 
from the marrow cells. 

The white corpuscles appear essentially to be 
derived from the lymphatic organs, whence they are 
carried by the lymph into the circulating blood. 



CHAPTER III. 

EPITHELIUM. 

17. Epitbelial ceUs (Fig. 13a) are nucleated proto- 
plasmic cells y forming continuous masses on the surface of 
the skin, of tiie lining membrane of the alimentary canal, 
the respiratory organs, the urinary and genital organs, 
the free surface of the conjunctiva, and the anterior 
surface of the cornea. The lining of the tubes and 
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alveoli of secretLog and excreting glands, such as the 
kidney, liyer, mammary gland, testis and ovary, the 
salivary glands, mucous, peptic, and lieberkiihn's 
glands, the sweat and sebaceous glands, the hair 
follicles, ^., consists of epithelial cells. Such is the 
case also with the sensory or terminal parts of the 
organs of the special senses. And, finally, epithelial 
cells occur in other 
organs, such as the 
thyroid gland, the 
pituitary body, &c. 

The hairs and 
nails, the cuticle of 
the skin, certain 
parts of the rods 
and cones of the 
retina, and the rods 
of corti of the organ 
of hearing, are modi- 
fied epithelial struc- 
tures. 

Epithelial cells 

are grouped together jijg. i3A.-yarioa8 kinds of EpitheUal Gelk. 

by exceedingly thin a, Golunimr oells of intestine: b. polyhedni 

, ■' * ° ^ 1, cells of the conjnnctlv»: c, ciliated conical 

layers of an albU- cells of the trachea : d, dUated cell of frog's 

\ . ^ ^'j* 7 mouth: a. Inverted conical cell of trachea; 

minOUS XVJteTSWtval v. squamous cell of the cavity of mouth, seen 

T ^ from its broad surface ; e, squamous cell, seen 

eeme/nt 9Vmta/Me^ from its narrow side. 

which during life is 

of a semi-fluid nature, and belongs to the group of 

bodies known as globulins. 

18. As regards sbape we distinguish two kinds 
of epithelial cells — columnar and squamous. The 
ccHmmruvr ceUs are short or long, cylindrical or pris- 
matic, pyramidal, conical, club-shaped, pear-shaped, 
or spindle-shaped; their nucleus is always more or 
less oval, their protoplasm more or less longitudinally 
striated. On l^e fi^ surface of the cells — i.e., the 
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part facmg a cavity, canal, or general surf ace— in many 
instances a bright thinner or thicker cuticular struc- 
ture is seen, with more or less distinct vertical striation. 
The conical or spindle-shaped, club-shaped, and pear- 
shaped cells are drawn out into longer or shorter 
single or branched extremities. 

The squaTMAM or pavemewt cdi» are cubical, 
polyhedral or scaly. The nucleus of the fonner is 
almost spherical that of the latter flattened in propor- 
tion to the thinness of the scales. In polyhedral 
cells it can be occasionally perceived that the granula- 
tion is due to the regular honeycombed nature of the 
cell protoplasm. 

19. As regards size, the epithelial cells differ 
considerably from one another in different parts, and 
even in the same part Thus, the columnar cells, 

covering the surface of 
the villi of the small in- 
testine, are considerably 
longer than those lining 
the mucous membrane of 
the uterus ; the columnar 
cells lining the larger 
ducts of the kidney are 
considerably longer than 
those lining the small 
ducts ; the polyhedral 
cells covering the anterior 
surface of the cornea are considerably smaller than 
those on the surface of the lining membrane of the 
urinary bladder; the scales lining the ultimate recesses 
of the bronchial tubes — the air cells — ^are considerably 
smaller than those on the surface of the membrane 
lining the human oral cavity and oesophagus. 

20. As regards airangemeiit, the epithelial cells 
are either arranged as a single layer or are stratified, 
forming several superimposed layers ; in the former case 






Fig. 13b.— Three Mncos-seoretin 
Ooblet Cells. 

A, From the stomach of newt ; b. from 
a mucous gland ; o, from the surface 
of the mucous memhrane of the in 
testine. 
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we have a simple in the latter a stratified epithelium. 
The simple epithelium inay be composed of squamous 
cells — simple squamous or sim,ple pavement ^ithe- 
limn — or it may be composed of columnar cells — 
simple colv/m/na/r epithelium. The stratified epithelium 
may be stratified pa'vem>ent, or stratified columnar; 
in the former case all or the majority of the layers 
consist of squamous or polyhedral cells, in the latter 
all cells belong to the columnar kind. Simple 
squamfMus epithelium, is that which lines the air 
cells, certain urinary tubules of the kidney (the looped 
tubes of Henle, the cortical parts of the collecting 
tubes), the acini of the milk-gland, the inner surface 
of the iris and choroid membrane of the eyeball. 
Simple cohimna/r epithelium is that on the inner 
surface of the stomach, small and large intestine, 
uterus, small bronchi, ducts and acini of mucous and 
salivary glands, of some kidney tubules, &a StratifiM 
pavement epithelium, is that on the epidermis, the 
epithelium lining the cavity of the mouth, pharynx, 
and oesophagus in man and mammals, the anterior 
surface of the cornea, &c. 

21. The epidermis (Fig. 14) consists of the fol- 
lowing layers: — (a) Stratum comeum: this is the super- 
ficial stratum, and it consists of several layers of homy 
scales, without any nucleus. The layers, which are 
separated from one another by narrow clefts contain- 
ing air, are then in process of desquamation. This 
stratum is thickest on the palm of the hand and 
fingers, and the sole of the foot. (5) The stratum 
lucidum, composed of several dense layers of homy 
scales, in which traces of an exceedingly flattened 
nucleus may be perceived, (c) Then follow many 
layers of nucleated cells, forming the stratum or 
rete Malpighii or rete mucosum. The most super- 
ficial layer or layers of it are flattened scales, which 
are characterised by the presence around the nucleus 




Fig. 14.— FFOm ■ 
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of globn]ar or elliptical grannies of the nature inter- 
mediate between protoplasm and keratin. Their sub- 
stance ia called 
eleidin (Baa- 
Tier) ; these 
oella form the 
grannlar layer 
(stratum gni- 
nulosam) of 
Lan gerhans. 
Deeper down 
the cells be- 
come less flat- 
tmed and more 
■ 'CaS,£™" ""^ °" polyb«taJ,»iid 

B,TbFiintiiBiHaivigbLI; h tbe nntimi gnonloanni : ^^ do^MSt 

J. the «™»m luoidom : *, Ita .««um com™.. (^^ ^ ^^^ ^ 

more or less 
columnar cells, placed vertioally on the flurfaoe of 
the aubjacont conum. 

The substance of the "-—""=:_= — ^nz^-^- 
hau^ muls claws, hoofs, 
consists of homy Bcalee. 
{See chapter on Skm.) 

22 The strattfled 
pavement epltfae- 
Itmn (Fig 16) kiung the 
cavity of the mouth the 
surface of the tongue the 
pharynx and cesophagus 
of man and nuuDmals, and 
the antenor surfaceof the 
ctMitea, Ac., is, as reeards _.,._. „ _.r~i~o~^ 

tne style and arrange- ummgii tbe anterior !&;■» of tiw 
ment of the cells, identi- °™*- 
cal with the stratum ""t, iVminiuit^'pra^riif^ui °b« 
Mulpighii of the epaei^ SSSKCT" """^"'™^ 
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mis. The cell protoplasm is more transparent in the 
former, and the granular cells of the stratum granu- 
losum are not always present, but they generally are 
in the epithelium of .the tongue and of the rest of the 
oral cavity. The most superficial scales show more or 
less homy transformation. 

23. Stratilied colmimar epithelimn is met 
with on the lining membrane of the respiratory 
organs, as larynx, trachea, and large bronchi It 
consists of ^several layers of columnar ceUs : a super* 
ficial layer of conical or prismatic cells, with a more 
or less pointed extremity directed towards the depth ; 
between these are inserted spindle-shaped cells, and 
finally inverted conical cells. 

The epithelium of the ureter and bladder is called 
traTisitional epMelium, It is stratified, and the most 
superficial layer consists of squamous cells. Under- 
neath this is a layer of club-shaped cells, between 
which extend one or more layers of small spindle- 
shaped cells. 

Amongst the columnar epithelial cells occurring 
in man and mammals the ciliated cells and the goblet 
cells, and amongst the squamous ceUs the prickle cells, 
deserve special attention. 

24 Ciliated cells are characterised by possess- 
ing a bundle of very fine longer or shorter hairs or 
ciHa on their free surface. These cilia are direct pro^ 
longations of the ceU protoplasm. More correctly 
speaking, the cilia are continuous with the filaments 
or striae of the cell protoplasm. The superficial layer 
of conical cells of the epithelium in the respiratory 
organs, the columnar cells lining the uterus and ovi- 
dactj and the columnar cells lining the tubes of the 
epididymis possess such cilia. In lower vertebrates 
the ciliated cells are much more frequently observed ; 
in Batrachia the epithelial cells lining the mouth, 
pharynx, and oesophagus are ciliated. 
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While fresh in contact with the membrane which 
they line, or even after removal from it, provided 
the cells are still alive, the ciliated cells show a rapid 
S3mchronous whip-like movement of their cilia, the 
cilia of all cells moving in the same direction. The 
movement ceases on the death of the cell, but maj 
become slower and may cease owing to other causes 
than death, such as coagulation of mucus on the 
surface, want of sufficient oxygen, presence of car- 
bonic acid, low temperature, &c. Under these circum- 
stances, removal of the impediment will generally 
restore the activity of the cilia. Moderate electric 
currents and heat stimulate the movement, strong 
electric currents and cold retard it. Reagents fatally 
affecting cell protoplasm also stop permanently the 
ciliary action. 

25. Ooblet or cbalice ceUs (Figs. 13b, 16) are 
cells of the shape of a conical chalice. The pointed part 

is directed away from the free surface, 
and contains a compressed triangular 
nucleus, surrounded by a trace 
of protoplasm. The body of the 
goblet contains mucus. This latter 
may be in various states of forma- 
tion, and may at any time be poured 
out of the ceU. Goblet cells a»e 
most commonly met with amongst 
the epithelium lining the respiratory 
organs, the surface of the stomach and 
intestines, and especially in mucous glands, in whose 
secreting portion all cells are goblet cells. 

The protoplasm of columnar cells facing a free 
surface, no matter whether in simple or stratified 
epithelium, ciliated or non-ciliated, may undergo 
such alteration as will lead to the transforma- 
tion of the cell into a goblet cell. This takes 
place during life, and, in fact, represents an im- 




Pig. l«. 

From a Vertical Sec- 
tion through the 
Epithelitim on the 
surface of the mu- 
cous membrane of 
the large intestine. 

HuPM goblet oells an 
Men pouriiuc out their 
mnoaa. The reet are 
ordinary columnar 
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portant fanction of oolnmnar epithelial cells — ^viz., 
the foimatioii of mucus. In mucus-secreting 
glands all ■ the epithelial cells have this function 
])ermanentl7, but in ordinary columnar epithelium 
only a comparatiyely small number of the cells, 
as a rule, undergo this change, and then only 
temporarily ; for a cell subject to it at one time may 
shortly afte^ards resume the original shape and 
aspect of an ordinary protoplasmic, cylindrical, or 
conical epithelial cell, and vice versa. If ciliated 
cells midergo this change, the cilia are generally first 
detached. 

It can be shown that in this change of an ordinary 
columnar epithelial cell into a goblet cell, the inter- 
stitial substance of the cell reticulum increases in 
amount, the meshes enlarging and distending the body 
of the ceU. The interstitial substance probably under- 
goes the change into mucin. 

26. Prtckle €eUs (Fig. 14).— Amongst themiddle 
and deeper layers of the stratified pavement epithelium, 
such as is present in the epidermis and on the surface 
of the oral cavity and pharynx, we meet with a close, 
more or less distinct and regular striation, extending 
from the margin of one cell to that of each of ii» 
neighbours, by means of fine transverse short fibrils 
which, passing from protoplasm to protoplasm, connect 
the surfaces of the cells. 

27. Pigmented epithelial cells — t.e., epithelial cells 
filled with black pigment particles (crystals) — are found 
on the internal surface of the choroid and iris of 
the eyeball. 

In coloured skins, and in coloured patches of skin 
and mucous membrane, such as occur in man and 
animals, there is found pigment in the shape of 
granules lodged in the protoplasm of the deeper 
epithelial ceUs, as well as in branched cells situated 
between the epithelial cells of the deeper layers. Minute 
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branched non-pigmented nucleated cells are met with 
in ilw interstitial or cement substance of various kinds 
of epithelium, simple and stratified, e.g,, epidermis^ 
epithelium of oral cavity, cornea, ko, 

28. Epithelial cells undergo division, and by this 
means a constant regeneration takes place. In those 
parts where the loss of the superficial layers of cells is 
conspicuous, such as the epidermis, the stratified epi- 
thelium of the tongue and oral cavity, the sebcw>eous 
follicles of hairs, the regeneration goes on more 
copiously than at places where no such conspicuous loss 
occurs— as, for instance, in the stomach and intestines, 
the secreting glands, or sense organa 

In the stratified pavement epithelium it is the cells 
of the deepest layer which chiefly divide ; the next 
layer thereby becomes gradually shifted towards the 
surface, and more flattened, and on reaching the surface 
dries up owing to rapid loss of water. 

29. The interstitial substance between the epi> 
thelial cells being soft and semi-fluid, and the proto- 
plasm of the epithelial cells themselves being a soft 
flexible material, it is possible for the cells to change 
their shape and arrangement after pressure and tension, 
exerted on them by the contraction or distension of the 
membrane on whidi they are situated. Thus, for in- 
stance, the epithelium lining a middle-sized bronchus 
may appear at one time as composed of long, thin, 
columnar epithelial cells in two layers ; at another, as 
a single layer of long columnar cells; or again as 
a single layer of polyhedral or short columnar cells : 
the first is the case when the bronchus is contracted, 
the second when it is in a medium state of distension, 
the third when it is much distended. Similar changes 
may be noticed, on the epithelium lining the mucous 
membrane of the bladder, gland tubes, the epidermis, 
and various other epithelial structures. 
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CHAPTER IV. 

ENDOTHELIUM, 

30. The firee surfaces of the serous and synovial 
membranes, and of those of the brain and spinal 
cord, the posterior sur&ce of the cornea and anterior 
surface of the iris, the surfaces of tendon and tendon- 
aheaths, the lymph sinuses or lymph sacs of amphibian 
animals, the cavity of the heart, of blood-vessels 
and of lymphatic-vessels are lined with a continuous 
endothelial niembrane^ composed of 
a single layer of flattened trans- 
parent sqwmums cells, called endo- 
thelial cells (Fig. 17). Each contains 
an oval nv/clms, situated generally 
excentrically. Just as in the case 
of epithelium, the endothelial cell ^*o^* J J-^JUi^n^llJ^S 
plates are joined by a fluid or semi- ^^' 
fluid homogeneous int&rstUial or ^SSS^^Sfi! ^d"& 
cement substance of the nature of I^wSii^own* 
globulin. When examining any of 
the above structures fresh the endothelial cells are 
not, as a rule, visible, owing to their great trans- 
parency; but by staining the structures with a 
dilute solution of nitrate of silver, and then ex- 
posing them to the influence of the l^ht, the cement 
substance appears stained black, whereby the shape 
and size of ^e cell plates become evident. By various 
dyes also the nucleus of each cell plate may be brought 
into view. 

On careful examination, and with suitable re- 
agents, it can be shown that each endothelial cell 
consists of a homogeneous ground-plaie. In it 
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liee the nnoleua, and arouad it is a substance which 
appeara granular, but 'which is of a fibrillar nature, 
the fibiillffi being arranged m a network, and extend 
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ing in many places up to the margin of the ground- 
plate The nucleus is limited bv a membrane, and 
contains a well-deveioped reticulum. The fibnllte 
of the cell substance appear in connection with the 
nuclear reticulum 

31 As regards sbape, endothelial cells differ 
considerably Those of the pleura, pencardium, 
peritoneum, and endocardiom of man and mammals 
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are more or less polygonal, or slightlj elongated. Their 
oatlines vaiy ; in the lining of the Ijtnph sacs of the 
fin^ they are much larger, and of very sinuoos out- 
line ; while those of the poBterior surffice of the cornea 




are very regular, pentagonal, or hesagonal, having 
straight outlines in the perfectly normal and well-pre- 
served condition, but serrated and sinuoos after they 
have been prepared with various i-eagenta and in the 
abnormal state ; the endothelial plates lining the blood- 
vessels and lymphatic vessels (Fig. 18) are narrow and 
elongated, with more or less sinuous outlines. In the 
lymphatic capillaries the endothelial plates are poly- 
gonal, but their outline serrated. 

32. As a rule the endothelial cells are flattened. 
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i.e., acaly — but in some places thejr are polyhedral, 
or even short columnar. Such cells occur ist^ted or 
in small groups, or covering large and small patches, 
nodular, villous, or oord like structures of the [dmini 




and omentum, on the synovial membranes, tunica 
vaginalis testis, Ac. They are especially observable 
in considerable numbers in the pleura and omentum 
(Fig. 19) of all normal subjects (human, ape, dog, cat, 
and rodent animals); their number and frequency of 
occurrence are increased in pathological conditions 
(chronic inflammations, tuberculosis, cancer, &c.). 

These endothelial cells are the gt^mvojoting endo- 
thelial cells, and they can be shown to be in an 
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active state of dividou. They thus produce small 
spherical Ijmphdd (amceboid) oella, whidi ultimately 
are absorbed by the lymphatics, and carried into the 
blood system as vhite blood corpuscles. On the sur- 




face of the serous membranes, especially the diaphn^m 
(Fig. 20) and pleura, there exist minute openings, 
afontoto, leading &om the serous cavity into a lym- 
phatic Teseel of the serous membrane. Theee stomata 
are often lined by germinating cells. 

33. In the fn^, germinating cells occur in great 
abondance on the mesogastriiim and the part of the 
peritoneum which separatee tlie peritoneal cavity 
from the cistema lymphatica magnib This part c^ 
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the peritoneum is called the aeptnin cistemfie lym- 
phaticiB magnse, and on it occur numerous holes or 
stomata, by which a free communication is established 
between the two cavities. On the peritoneal surface 
of this septum the stomata are often bordered by 
germinating cells. In the female frog, these and 
other germinating endothelial cells of the peritoneum 
(mesogastrium, mesenterium, septum cistemsB) are 
cOiated. 

34. The omentum and parts of the pleura are, in 
the adult human subject, ape, dog, cat, guinea-pig, rat, 
&c., of the nature of a fenestrcUed membrane (Fig 21), 
bands of fibrous tissue of various sizes dividing and 
reuniting, and leaving between them larger or smaller 
holes, in shape oblong or circular. These holes 
or fenestrse are not covered with anything, the endo- 
thelial cells adhering only to the surfaces of the 
bands without bridging over the fenestrse. On the 
peritoneal surface of the diaphragm the endothelial 
cells possess a different arrangement from that on 
the pleural side.; on the former surface a number of 
lymph channels (that is, clefts between the bundles 
of tendon and muscle) radiate towards the middle 
of the central tendon. The endothelium of the free 
surface over these lymph channels is composed of 
much smaller cells than at the places between, 
so that the endothelium of the peritoneal surface of 
the diaphragm shows numbers of radiating streaks 
of small endothelial cells. Many of these small cells 
are not flattened, but polyhedral, and of the nature 
of germinating cells (Fig. 20.) The above-mentioned 
stomata occur amongst these small endothelial ceUs. 
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CHAPTER V. 

FIBROUS CONNECTIVE TISSUES. 

35. By the name of "connective tissues" we 
designate a variety of tissues which have these things 
in common — ^that they are developed from the same 
embryonal elements ; that they all more or less serve 
as supporting tissue or framework, or connecting sub- 
stance^ for nervous, muscular, glandular, and vascular 
tissues ; that they are capable of taking one another's 
place in the different classes of animals; that in the 
embryo and in the growing condition one may be 
changed into the other; and that in the adult they 
gradually shade off one into the other. 

Connective tissues are divided into the three great 
groups of (1) fibrous connective tissue; (2) cartilage; 
(3) bone, to which may be added dentine. Each of 
these is subdivided into several varieties, as will 
appear farther on, but in all instances the ground 
siiiatance, or matrix, or intercellular substaiwe, is 
to be distinguished from the cells. In the fibrous con- 
nective tissue the matrix yields glutin or gelatin, and 
the cells are called connective tissvs cells, or connective 
tJBSue corpuscles. In the cartilage the ground sub- 
stance yields chondrin, and the cells are called carti- 
lage cells. In the third group the ground substance 
contains inorganic lime salts, intimately connected 
with a fibrous matrix, and the cells are called bone 
cells, 

36. The fibrous connective tissue, or ivhite 
fibrous tissue, occurs in the skin and mucous 
membranes, in the serous and synovial membranes, 
in the membranes of the brain and spinal cord, in 
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tenaons and tendon aheaUiB, in fiudte and ftponeuroses, 
in the intermnBcular tissue, and in the tiseue con- 
necting neighbouring organs, kc It coDsistB of 
mioroscopic band-tike or ojtindrical bundles or faeciculi 
of exceedingly fine homogeneous fibrils (Fig. 22), wtdoh 
are known as the eUn^niary er>nn«cttiM Itssue fhrUs. 




Aocording to the number of these the bundles differ 
in size. The bundles, and also their constituent 
fibrils, niay be of very great length — several inches. 
Where the fibrous tissue forms continuous masses — 
as in tendon, fascia, aponeurosis, skin, and mucous 
membrane — the microscopic bundles are aggregated 
into smaller or larger groups, the fni&ecute, and these 
are again associated into groups. The fibrils are held 
tt^ther by an aWamirtout (globulin), semi-fluid, homo- 
geneous cem«7U stdittanee, which is also present between 
the bundles forming a trabecula. 

On adding an acid or an alkali to a bundle of 
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Abrous tissue, it is seen to swell up and to become 
glassy-looking, homogeneous, and gelatinous. Sub- 
jected to boiling in water, or to d^estion by dilute 
acids, the bundles of fibrous tissue yield glutin or 
gelatin. 

37. According to the arrangement of the bundles, 
the fibrous connectiye tissue varies in different locali- 
ties. (1) In tendons and fasciss the bundles are 
arranged parallel to one another. (2) In the true 
skin and mucous, serous, and synovial membranes, in 
the dura mater and tendon sheaths, the trabeculse of 
bundles divide repeatedly, cross and interlace very 
intimately with one another, so that thereby a dense 
felt-work is produced. (3) In the subcutaneous, sub- 
mucous, or subserous tissue, in the intermuscular tissue, 
in the tissue connecting with one another different 
organs or the parts of the same organ — i.e., interstitial 
connective tissue — the texture of the fibrous tissue is 
more or less loose, the trabeculse dividing and re- 
uniting and crossing one another, but leaving between 
them larger or smaller spaces, cellulse or areolae, so 
that the tissue assumes the character of a loose 
plexus, which is sometimes called " areolar " or " cel- 
lular tissue." Such tissue can be more or less easily 
separated into larger or smaller lamellae, or plates of 
trabeculse. (4) In the omentum and parts of the 
pleura of man, ape, dog, cat, and some rodents, and 
in the subarachnoidal tissue of the spinal cord and 
brain, the trabeculse form o. fenestrated membrane, with 
larger or smaller oval or circular holes or fenestrse. 

38. The connectlTe tissue cells or corpuscles 
occurring in white fibrous tissue are of several varie- 
ties, (a) In tendon and fascise the cells are called 
tendon ceUs or tendon corpuscles; they are flattened 
nucleated protoplasmic cells of a square or oblong 
shape (Fig. 23a), forming continuous rows (single files), 
situated on the surface of groups of bundles of fibrous 
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tissue. Between these groups are wider or narrower 
channels-^the *n<er/a»c*citZ<w spaces — running parallel 
with the long axis of the tendon (Fig. 23b). The cells 
in each row are separated from one another by a narrow 
line of albuminous cement substance, and the round 
nucleus of the cell is generally situated at one end, in 

..,--_ such a way that in two 

adjacent cells of the grow- 
ing tendon the nuclei 
face each other. This 
indicates that the indi- 
vidual cells undergo divi- 
sion. Corresponding to 
the margin of each row, 
the cells possess minute 
processes. The cell plate 
is not quite flat^ but pos- 
sessed of one, two, or even 
three membranous projec- 
tions, by which it is 
wedged in between the 

mg. 23A.-Prom a Tendon of T^U ^dividual bundles of the 

of Monse, showing the Tendon ffroup to which the rOW 

cells. (The tendon is viewed in °#. ^^ii« x.^1^^.^ 

the long aoris). Ot cellS oelongs. 

th The tendon cells seen from their 39. (b) In the SOronS 

broad surface ; b, the eaiue seen side- r i_ 

ways. (Handbook.) membranes, cornea, subcu- 

taneous tissue, and loose 
connective tissues, tne cells are flattened transparent 
corpuscles, each witk an oblong flattened nucleus, and 
more or less branched and connected by their processe& 
In the cornea they are spoken of as the corneal cor- 
puscles, and are very richly branched (Fig. 25). They 
are situated between the lamellae of fibrous bundles of 
which the ground substance of the cornea consists. 

These corpuscles are also situated in the interfasci- 
cular spaces, or spaces left between the bundles of the 
ground substance, which are cavities in the interstitial 
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the Tendoni of the Tiil o( a Moun, ■< 
Kiih enld chloride. 



substance cementiug the bundles and trabecule togetber 

(von Recklinghausen). la the cornea and » 

branes these spaces 

possess the ^ape 

of branched lacu- 

ns, each lacuna 

being the home 

of the body of 

the cell, while the 

braochea or cana- 

liculi contain its 

processes. These 

canaUculi form the 

channels by which 

neighbouring lacu' 

me anastomose ™braS£hfdWTpuB"ili^V'^r"!"p^nd"i^°>ibu"i"ai 

with one Mother ^°Le*iiM'^MDd>''^jMn i^ iMjidice ot 

and ite processes do dlg«nil1<l? bere, tbe ^Diig ui> DC IbetB ran 
not fill up the la- aufd^tT '" ""^ '°'" »i > ot tHo tendon. 

cuna and its canali- 

culi In loose connective tissne the lacuna may be of 

considerable size, and may contain several connective 
cells, which make as it 
were a lining for it. 
These in some places are 
very little branched, and 
almost farm a continuous 
endotheloid membrane of 
flattened celU Such is 
the gtibepitheiial endcths' 
Ivum of Debove, occur- 
ring undemeat/t the epi- 
thelium on the lur/ace 

of the macons membrane of the bronchi, bladder, 

and intestines. 

40. (c) In the true skin and mucous membranes 
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the connectiTe tissue cells tire also branched flattened 
corpuBclee, and by iheir longer 
or shorter processes are con- 
nected into a network (Fig: 24). 
Each cell has a flattened oblong 
nucleus. As a rule, some of 
the processes are membraitotiB 
prolongations coming off under 
an angle from tho body of the 
cell, which is then called the 
chief plate, the processes being 
the secondary plates. By the 
latter the cell is wedged in 

"S Ktri^TdSSi^^ between the bundles of the trar 
soithaBranohed becula to which it belongs. 
jirnnop u. Tlils chsractor of tJie cells 

' {i.6., of possessing secondary 




Cornosl Corpneolee. 



cariiuBcle. (AtluJ 

cdls of the skin and 
mucous membranes, 
but only in a very 
limited dt^ree by 
those of the cornea 
and serous mem- 
branes, and somewhat 
better by some of 
those of the subcuta- 
neous and other loose 
connective tissues. 

In the skin and 
mucous membranes 
also the cells and 
their processes are 
mtuated in the in- 
terfascicular spaoes. 

41. The connec- 
tive tissue corpuscles 



plates) i 



shov 







n?. 38.— From tlie Conm of Eittsn, 
■tallied with 14itrvt« of SilTer, fiboiT- 
Init tho Lymph-canoJ Bystera. 
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hitherto mentioned are fixed corpuscles ; they do not 
show movement. Kuhne and KoUett ascribe to the 
corneal corpuscles a certain amount of contractility, in- 
asmuch as they are said to be capable of withdrawing 
their processes on stimulation. When this ceases they 
are said again to protrude them. According to Strieker 
and Norris, they acquire contractility when the corneal 
tissue is the seat of inflammatory irritation. It can 
be shown that the connective tissue cells consist, like 
the endothelial plates, of a ground plate and a fibrillar 
reticulated (granular-looking) substance around the 
nucleus, and extending beyond the ground plate into 
the processes of the cell. 

42. Pigfnteiit Cells. — In the lower vertebrates, 
especially fishes, reptiles, and amphibian animals, we 
find certoin branched nucleated connective tissue cor- 
puscles, distinguished by their size and by the proto- 
plasm both of the cell-body and processes — but not of 
the nucleus — being filled with pigment granules. The 
pigment is either white or yellow, or more commonly 
dark brown to black. These cells are called pigmented 
connective tissue cells, or simply pigment cells. They 
are very numerous in the skin of fishes, reptiles, and 
amphibian animals, and alsQ around and between the 
blood-vessels of the serous membranes. They are also 
present in man and mammals, but then' they are 
chiefly limited to the eye-ball, where they occur in the 
proper tissue of the iris of all but albino and bright 
blue eyes, and in the tissue of the choroid membrane. 
In dark eyes of mammals a large number of these cells 
are found in the tissue between the sclerotic and 
choroid, as the lamina fusca, and also, but to a more 
limited degree, in the sclerotic. As a rule they appear 
to be of various kinds: such as are flattened, large 
plates perforated by a number of small and large holes 
and minute clefts ; such as possess a more spindle- 
shaped body, and long, thin, not very richlv branched 
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fig. 17.— PigBMnt C«Us of tba TkH at Tkapolfl. 



appearances are due to different states of contraction 
of the same kind of celU (Fig. 27). 

43. Id lower vertebrates the dark pigment oella 
BhoT marked contractility, inasmuch as they are 
capable of alto^ther withdrawing into their body the 
pigmented processes. In the passive state these are 
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exceedingly numerous, and form a network so dense 
that the whole mass of cells resembles an extremely 
close network of pigment. In the maximum of 
activity the processes disappear, being withdrawn into 
the cell-body, which now looks like a spherical or 
oblong mass of black pigment. Between the states 
of passiveness and maximum activity there are various 
intermediate grades, in which the pigmented processes 
are of various numbers and lengths. 

44. Owing to the great number of the pigment 
cells in the skin of fishes and amphibian animals, the 
state of contraction of these cells materially affects 
the colour of the skin. If the dark pigment cells 
of a particular part contract, the skin of this parti- 
cular part will become lighter and brighter, the degree 
of lightness and brightness depending on the degree 
of contraction of the pigmented processes by the cells. 
Briicke has sho¥ni that darkness is a stimulus to the 
pigmented cells ; they contract, and the skin becomes 
light. Sunlight leaves the pigmented cells in the 
passive state, i.e., the skin becomes dark. If pre- 
viously they have been contracted by darkness, on 
being exposed to sunlight they again return to the 
passive state. The contraction of the pigment cells 
is under the direct influence of the nervous system 
(Lister). Fouchet proved that the contractility of the 
pigment cells of the skin of certain fishes is influenced 
as a reflex action by the stimulation of the retina by 
li^ht. 

45. Fat Cells. — ^Fat cells in the ripe and fully- 
formed state are spherical, relatively large vesicles, 
each consisting (a) of a thin protoplasmic meTnhrane^ 
which at one point includes an oval nucleus flattened 
from side to side,- and (6) of a substance, which is an 
oU globule filling the cavity of the vesicle (Fig. 28). 
These fat cells are massed together by fibrous connective 
tissue into smaller or larger groups, which in their 
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turn form lobuiet ; these again become lobee, and 
these make continuouB masaea. Each group and 
lobule has its afferent arteriole, one or two efferefot 
veuu, and a i^nae n^tviork of capiSarieg between • 
each mesh of the ca.pil]&[y network holding one, 
two or three fat cell& (Fig. 19.) Such are the 




nature and ai-rsngement of the fat tissue in the 
BubcutaneouB and submucous tissue, in the serous and 
synovial membranes, in the intermuscular tissue, in 
the looee tissue connecting organs or parts of oivans. 
It can be shown that fat cells are derived from 
ordinary connective tissue cells. In some places — 
both in the embryo and adult — the protoplasm of the 
connective tissue corpuscles growing in size becomes 
filled wit^ small oil globules, which, increasing in 
numbers, become fused with one another to larger 
ftlobulea ; as their size thus increases the cell nucleus 
becomes shifted to the periphery; ultimately one 



Chap, v.] Fibrous Connective Tissues, 41 

large oil globule fills the oeU, and what is left of the 
cell protoplasm surrounds this oil globule like a 
membrane. The cell as a whole has become in this 
process many times its original size. 

46. It can also be shown that where at one time 
only few isolated connective tissue corpuscles are 
present, at another time, in the natuiul state of 
growth, and especially under very favourable condi- 
tions of nutrition, the connective tissue cells become 
increased by cell-multiplication so as to form groups ; 
these continue to increase in size and to be gra- 
dually furnished with their own system of blood- 
vessels; the individual cells constituting the group 
become then converted into fat cells, and their pro- 
cesses are thereby lost. 

Individual connective tissue cells situated in the 
neighbourhood of small blood-vessels are converted 
into fat cells under favourable conditions of nutrition. 

In starvation the fat cells lose their oil globule, 
they become smaller and contain a serous fluid, which 
may ultimately also disappear. Finally, the fat cell 
may be reduced to a small, solid, protoplasmic, slightly 
branched cell 

47. In many places the fibrous connective tissue 
includes, besides the fixed cells, others which show 
amoeboid movement. These are of two kinds: (1) 
migTaJUiry or %oamdering cells. These are identical 
with colourless blood corpuscles as regards size, shape, 
aspect, and general nature (Fig. 24, m). They wander 
about through the spaces of the fibrous tissue. Some 
of them are slightly larger, and possess one spherical 
relatively large nucleua The amoeboid movement 
of these cells is not so distinct as in the smaller 
variety. (2) Plasma cdls of Waldeyer. Thev are 
larger than the former, less prone to migrating, being 
possessed of only slight amoeboid movement, which 
is, however, sufficiency pronounced to be detected. 
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They contain always coarse granules, which are com- 
posed of a substance which is not fat, but something 
between protoplasm and fat They stain deeply in 
dyes, and the corpuscles correspond to similar ''gra- 
nular" corpuscles of the blood. These ''granules" 
may diange into fat globules, and thus the plasma 
cell becomes transformed into a fat celL 

48. The wandering cells occur almost in all loose 
fibrous tissues, chiefly around or near blood-vessels ; 
they are not numerously met with in the healthy 
state, but increase greatly in the state of inflamma- 
tion of the part The larger kinds are met with 
in certain localities only; in the sub-lingual gland 
of the dog and guinea-pig they occur in numbers 
between the gland tubes or acini Hiey are also 
found in the mucous membrane of the intestine. 
The plasma cells are met with chiefly in the inter- 
muscular tissue, in the mucous and sub-mucous tissue 
of the intestine, in the trabeculte of the lymphatic 
glands, and in the omentum. 

49. I>eTelopnieiit of fibrous tissae.— Fibrous 
connective tissue is developed from embryonal connec- 
tive tissue cells, i. e., from spindle-shaped or branched 
nucleated protoplasmic cells of the mesoblast. The 
former are met with isolated or in bundles, as in the 
umbilical cord or embryonal tendon. The latter 
form a network, as in tibe foetal skin and mucous 
membrana In both instances the protoplasm of the 
embryonal connective tissue cells becomes gradually 
transformed into a bundle of elementary fibrils, 
with a granular-looking interstitial substance. The 
nucleus of the original cell finally disappears. A 
second mode of the formation of fibrous connective 
tissue is this: the embryonal connective tissue cell, 
wUle growing in substan^ prodaoes the fibrous tissue 
at the expense of its peripheral part A remnant of 
the protoplasm persists around the nucleua 
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The Bsme modes of formation of connective tisane 
may be also ol^Herved in the adult under normal and 
pauiological randitiona 

60. Fibrous connective tissue ii in moeb places 
associated vith elastic ^fibres or yellow elastic tissue. 
These are of bright aspect, of variable thickness and 
leiigth,brsnchiiig 
and anastomos- 
ing so as to form 
networks (Fig 
29) They are 
straight or more 
or less twisted ^ 
and ooiled. The 
latter condition 
may be observed 
when the tissue 
IS shrunk, the 
former when it { 
18 stretohed 
They do not 
swell up in acids 

,j , °*"^ ^R 29— rrom«PTopa™.tlonol theKeaentBry. 

yield glntm or , ^„„^„ ^ ^^„„, ^ ^^^^ ^ ^,^,^ 

gelatm on boil at>rH. iiiu) 

ing, but contain 

a chemically different subatAnce, viz., elatlvn. When 

broken their ends genemlly curl up. 

51. Elastic fibres occur in great nnmbera as net- 
works extending between the bundles of fibrous tissue, 
in the skin and mucous membranes, in the serous and 
synovial membranes, and in the loose interstitial con- 
nective tissues. They are not very commonly met 
with in tendons and fascite ; in the former they are 
seen as single fibres often twisting round the t«ndoD 
bundles. 

Elastic fibres forming bundles, but branched and 
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connected into networks within the bundle, are to be 
specially found in considerable numbers in the walls 
of the alveoli of the lung, in the ligaxnenta flava, in 
the ligamentum nuch» of the ox— in which the fibres 
are exceedingly thick cylinders, — ^in yellow elastic car- 
tilage («ee below), in tiie endocardium and yalves of 
the heart, and in the vascular system, particularly the 
arterial division* In the latter organs the intima, 
and also te a great extent the media, consist of elastic 
fibrils densely connected into a network. 

52. The following are special morphological modi- 
fications of the elastic fibres : (a) elastic fenestrated 
membi^anes of Henle, as met with in the intima 
of the big arteries ] these are in reality networks 
of fibres with ver^ smaU meshes, and the fibres 
unusually broad and flat, {b) Homogeneous dctstie 
membranes, which surround, as a delicate sheath, the 
connective tissue trabeculse in some localities, e.^., 
subcutaneous tissue, (c) Homogeneous-looking elastic 
membranes in the cornea, found behind the anterior 
epitheliimi as Bowm4Mn!s elastica anterior, and at the 
h^u^k of the cornea as elastica posterior, or Descemet^s 
m^emhravA ; in this latter bundles of minute fibrils 
have been observed, (d) Elastic trabeculss forming a 
network, as in the ligamentum pectinatum iridis. 
In the embryonal state the elastic fibres are nucleated, 
the nuclei beiag the last remnants of the cells from 
which the fibres develop — one cell generally giving 
origin to one fibre. Such nucleated fibres are called 
Henle's nucleated fibres. 

53. Special varieties of fibrous connective tissue 
are these : — 

(1) Adenoid reticuhmi. This is a network of fine 
fibrils, or plates, forming the matrix of lymphatic or 
adenoid tissue (see Lymphatic Glands). The reticulum 
is not fibrous connective tissue nor elastic tissue ; it 
contains nuclei in the yoimg state, being derived from 
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a network of branched cells ; but in the adult state 
the reticulum itself possesses no nuclei Those found on 
it do not form an essential part of it. 

(2) The neuroglia of Virchow is a dense network 
of very fine homogeneous fibrils forming the support^ 
ing tissue for the nervous elements in the central 
nervous system. These fibrils are supposed to be 
elastic fibres (Gerlach). Embedded in the network of 
these fibres are found branched nucleated flattened 
cell plates, which are the proper connective tissue cells. 

(3) Qdatmovs tissue. This occurs chiefly in 
the embryo, being the unripe state of fibrous 
connective tissua It consists of spindle-shaped or 
branched connective tissue cells, separated from one 
another by a homogeneous transparent mucoid sub- 
stanca It is met with in the umbilical cord of the 
embryo, and in the places where fibrous connective 
tissue is to be developed. After birth it is found in 
the tissue of the pulp of the teeth, and in the cavity 
of the middle ear, and in some places as precursor 
of fat tissue. 



CHAPTER VI. 

CARTILAGE. 

54. Caitllag^e consists of a firm ground substance 
which yields (^iondrin, and of cells embedded in it. 
Most cartilages (except on the articulation surface) 
are covered on their free surface with a membrane of 
fibrous connective tissue with a few elastic fibrils. 
This membrane is supplied with blood-vessels, lym- 
phatics, and nerves, and is of essential importance for 
the life and growth of the cartilage. This is the peri- 
chondriwm. There are three varieties of cartilage. 
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ThiBoccars 
t the borders 

of many short bones ; at the sternal port of the ribs, 
as t^aUd eartUaffe§ ; at the margin of the sternum, 
scapula, and oB ileum ; in the rings of the trachea, the 
oartilageB of the bronchi, the septum and lateral carti- 
lages of the no8e ; and in 
the tihjrroid and <»icoid 
cartilages of the larynx. 
The ground substance is 
hyaline, transp'arent, 
ground - glass - like, and 
firm. The cells are 
spherical or oval proto- 
plasmio corpuscles, each 
■witih one or two nuclei. 
*"*■ ^'i^S^^cS^^ '' ''W >™<iei^ division, 
IB the h,.]in* gronid «.!»»<>« <^ and although the two off- 

»nj|e anlbge ceUi eBtloud ^d spring are at first close 

together — half- moon-like 
— they gradually grow wider apart by the deposit 
of hyaline ground aubataoce between them. The 
cells are contained in special cavities called the 
eartUage laewue. Each cell generally occupies one 
lacuna, but according to the state of division a lacuna 
may contain two, four, six, or eight cartilage cells ; 
the latter are those cases in which division proceeds 
at a more rapid rate than the deposition or formation 
of hjraline ground substance between the cells. 

The part of the cartilage next to the perichondrium 
shows most activegrcfwth ; hence the cellsare here smaller, 
closer t<^;ether, and there is less ground substance. 

Each lacuna is limited by a delicate membrane, 
and, according to the state of the cell, is either com- 
pletely or partially filled out by it. This membrane 
is called ths capsule (Fig. 30a). In many cartilages, 
eq>ecially in growing cartilage, it is thickened by the ad' 



dition of & layer or layers of hyaline ground Bubetance ; 
this is tihe most recently formed part of the matrix, but 
ia still distinct 
from the rest of 
' the ground sub- 




57. In some 
cartilages, the 

protoplasm of the cell becomes filled with fat globules 
{Fig. 30o), This fact may be observed in many normal 
cartilages; sometimes the fat globules 
become confluent into one large drop, 
and then the cell has the appearance of 
a fat celL In age, disease, and defi- 
cient nntrition, lime salts are deposited 
in the ground subatance, b^inning 
from the circumference of the cella 
The lime matter appears in the shape 
of opaque granules, or irregular or 
angular aluraps. The ground Bub> 
stance thereby loses its transparency, 
becomes opaque in transmitted, whit« 
in reflected, bght, and, of course, very 
hard and brittle. This process is the calcificatwn of 
cartilage. It is also met with in cartilage that ia to be 
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replaced by bone, being tbe precursor of the formation 
of bone, as in tbe embryo {see below), and at the 
growing ends of tubular bonea 

58. The multiplication of the cartilage cells has 
been observed during life by Schleicher and Flemming. 
It takes place after the mode of karyokinesis. The 
lacunse of the cartilage are not isolated cavities, but 
are connected with one another by fine channels (Fig. 
30b), so that the ground substance is easily permeable 
by the current of nutritive fluid. These channels and 
lacunae make one intercommunicating system, and are 
connected with the lymphatics of the perichondrium 
(Budge). Formed matter — like pigment granules, red 
and white blood coFpuscles, and pus corpuscles — ^may 
also find its way into the channels and lacunse of the 
cartilage from the perichondriiun. 

At the borders of articular cartilage, where it is 
joined to the synovial membrane and the articulation- 
capsule, the cartilage cells are more or less branched, 
and pass insensibly into the branched connective tissue 
ceUs of the membrane. In foetal hyaline cartilage 
many of the cells are spindle-shaped or branched. 

59. In the cartilage separating the bone of the 
apophyses from the end of the diaphysis of tubular 
bones, there is a peculiar hyaline cartUage, known as 
the mtermedia/ry or ossifying. Its cells are arranged in 
characteristic vertical rows, owing to the continued 
division of the cells in a transverse direction. 

Cartilages, or pai-ts of cartilages, in which the cells 
are very closely placed, owing to the absence, or im- 
perfect deposit and formation, of ground substance, 
are called parenchymatous. 

60. (2) Fibro-cartilagef or connective tissue 
cartilage, occurs as the intervertebral discs, as the 
interarticular cartilages, sesamoid cartilages, and as 
that forming the margin of a fossa glenoidalis. It is 
fibrous connective tissue arrcmged in bundles, and these 



Chop-VlJ 



Cartilage. 



49 



3 O « O O 



O o c 



O Q 



o 1 ':i 



again in layers. The gronnd substauoe of this corti- 

1^^ is said (1) to 

yield chondnn and 

not i^utm. Be 

tween the strata of 

the fibrous bundles 

are rows of more or 

less flattened o\al 

protoplasmic nu 

cleated cells, each 

invested m a deh '^ Ci O 

catecap8ule(rig 31) "^ a r^ 

They are less flat ^ J o 

tened than the cells o o - 

of tendon, and the 

capsule dlbtjiumlflhes ^^B 31 — Fitro-Cartilage of an Intervar 

,i_*^. TiT-i *' ei_ tebcai Ligament. 

the two. Where fibrO- Bi,o,rillglhebunaicHU(Obroi.BHHoemndn)wi 

cartilage passes into orartitageMiAfc iaiim.) 

tendinous tissue, 

the two kinds of cells pass insensibly into one another. 
^mmmmmmmme. ^^- ^) Vellow, or 

- -»^: -_j---::U- ■" elastic cartilage. — 

^ — — — This variety is also called 

~~ reticular ; it occurs in the 

epiglottis, in the ear-lobe, 
in the Eustachian tube, in 
the cartilages of Wris- 
berg and Santorini in the 
larynx. In the early 
stage this kind is hyaline. 
Gradually numbers o€ 
elastic fibrils make their 
appearance, growing into 
the cartilage matrix irom 
taS'B'«ij£"'wiilII"'"'"'* '"" ""'' t^^ perichondrium in a 
more or less vertical direc- 
tion, and branching and anastomosing with one 




5© Elements of Histology, [chap.vii. 

another. The final stage is reached when the ground 
substance is permeated by defnse netvyorks of elastic 
fibrils (Fig. 32), so arranged that spherical or oblong 
spaces are left, each of which contains one or two 
cartilage ceUa, surrounded by a smaller or larger zone 
of hyali/ne cartilage ground svhstance. 



CHAPTER VIL 

BONE. 

62. Bone, or osseoiis substance, is associated with 
several other soft tissues to form an anatomical 
individual. 

{a) The peiiostenm* — ^Except at the articular 
surfaces, and where bones are joined with one another 
by ligaments or cartilage, all bones are covered with a 
vascular membrane of fibrous connective tissua This 
is the periosteum. It consists in most instances of 
an OMi&r fibrous layer, composed of bundles of fibrous 
tissue densely aggregated, and an in/ner, or osteogenetic 
layer y which is of loose texture, consisting of a mesh- 
work of thin bundles of fibrous tissue, in which 
niunerous bloodvessels and many protoplasmic cells are 
contained. The blood-vessels form by their capillaries 
a network. The cells are spheroidal or oblong, each 
with one spherical or oval nucleus. They have to 
form bone-substance, and are therefore called the osteo- 
blasts (Gegenbaur). 

(b) The cartilag^e is hyaline cartilage, and its 
distribution on and connection with bone have been 
mentioned in §§ 55 and 59. 

G3. (c) The marrour of bone is a vascular soft 
tissue, filling up all spaces and cavities. It consists 
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of a smaXi wmcyamt of fbrous tissue as a matrix, and 
in it are embedded numenms hlood-veaaeh and cells. 
The few afferent arterioles break up into a dense net- 
work of capillaries, and these are continued as plexuses 
of veins, characterised by their size and exceedingly 
thin walls. The cells are of the same size, aspect, and 
shape as the osteoblasts of the osteogehetic tissue, and 
they are called ma/rrow cells. 

In origin and structure, the tissue of the osteo* 
genetic layer of the periosteum and the ma/rrow are 
identical In the embryo, the marrow is derived 
from an ingrowth of the osteogenetic layer of the 
periosteum {see below), and also in the adult the two 
tissues remain directly continuous. As will be shown 
later, the marrow at the growing ends of the bones 
is concerned in the new formation of osseous substance 
in the same way as the osteogenetic layer of the peri- 
osteum is in that of the surface ; and in both tissues 
the highly vascular condition and the cells (osteoblasts 
of the osteogenetic layer, and marrow cells of the 
marrow) are the important elements in this bone 
formation. Marrow is of two kinds, according to 
the condition of the cells. If many or most of these 
are transformed into fat cells, it has a yellowish aspect, 
and is called yellow marrow ; if few or none of them 
have undergone this change, it looks red, and is called 
red mxvtrow. In the central, or marrow, cavity of the 
shaft of tubular bones, and in the spaces of some 
spongy bones, the marrow is yellow; at the ends of the 
shaft, in the spongy bone substance in general, and in 
young growing bones, it is red. 

The cells, especially those of red marrow, are the 
elements from which normally vast numbers of red 
blood-corpuscles are formed, as has been mentioned on 
a former page. 

In marrow, particularly in red marrow, we meet 
with huge multinucleated cells, called Myehplaxes of 
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BoHn. They are deriTed by oTet^prowth from ordinary 
marrow cells, and are of iinportanoe for the absorption 
and formation of bone (gee below). According to 
Heitonann, Malassee, and others, they also have to 
do with the formation of blood-vessels and blood- 
oorpnscles. 

64. The matrix ofosseon* sufestanee is dense 
fibrous connective tissue, i.e., a tissue yielding gelatin 
on boiling. The cement substance between the fibrils 
is petrified, owing to a deposit of insoluble inorganic 
lime salts, chiefly c8rboaat«e and pbosphatea Theae 
can be dissolved out by strong acids (hydroohloric) 
and are thereby converted into soluble salts. Thus 
the oi^anic matrix of osseous 3ubstance-~«alled oasem 
— may be obtained as a soft flexible material, easily 
cut 

The bone sufaetance is in the adult state generally 

lamellated, the lamellie being of microscopic thinness. 

Between every two 

lamelhe are num- 

-O': ., ,.r^: ..JH^. hers of isolated. 



spaces — tixe bone 

_ _-i*f* ^ laewnte (Fig. 33), 

■ —^ , ,. -*>- - ■. which anastomose 

by numerous fine 

\' '"' ■'"W^ canals with one 

fifft-^" _j^' ■ -f^ - —iti. another, and also 

'■^^ :-..-_ ^^T- - '■ ■'■' -■>'- with those of the 

Tte.SS. — Oweoii«Ij«meU»i obloBglirmelied next hunellaabove 



very eimilor to those presented by the tacunse and 
canaliculi containing the corneal corpuscles, aa des- 
cribed in Chapter V. 

These bone lacuna and their canaliculi are the lymph- 
canalicular system of osseous substance, for they are 
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in open and free communication with lymphatic 
vessels of the marrow spaces and Haversian canals. 

65. In the bone matrix, each lacuna contains also 
a nucleated protoplasmic cell, called tAe hwia cell, which, 
however, does not fill it completely. In the young 
state, the cell is branched, the branches passing into 
the canaliculi of the lacunae ; but in the old state very 
few processes can be detected on a bone cell, which, 
with its lacuna and canaliculi^ is called a bone cor- 
pibscle. 

Q^, According to the arrangement of the bone 
substance, we distinguish compact from spongy sub- 
stance. The former occurs in the shaft of tubular 
bones and in the outer layer of fiat and short bones. 
Its lameUse are arranged as : (a) concentric or Haversian 
lu/mellce, directly surrounding the Haversian canals 
(Fig. 33a). These are fine canals of varjdng lengths 
pervading the compact substance in a longitudinal direc- 
tion, and anastomosing with one another by transverse 
or oblique branches. The Haversian canals near the 
marrow cavity are larger than those near the perios- 
teum. As a matter of fact, those next to the marrow 
cavity become gradually enlarged by absorption, until 
finally they are fused with the marrow cavity. Each 
Haversian canal contains a blood-vessel, one or two 
lymphatics, and a variable amount of marrow tissua 
These canals open both into the marrow cavity and on 
the outer surface into the osteogenetic layer of the peri- 
osteum, and they form the means by which the latter 
remains in continuity with the marrow. They are 
surrounded by numbers of concentric bone lamellce, 
with the bone corpuscles between them, and this is a 
system of con^centric lamdlas. Near the external sur^ 
face of the compact substance the number of lamellae 
in each system is smaller than in the deeper parts. 
{b) Between these systems of concentric lamellae are 
the interstitial or grownd laniellce; they run in various 



54 Elements of Histology. [ch»p. vii. 

directiotiB, and m reality fill the interstices between 
the BjBtemB of the HaveraiBn or coacentric htmellie. 
Near the external aurface of long bones they have pre- 
eminently a direction parallel to the surface. These are 
' l lamella of Tomes and de Moi^an. 



Fig 33.i — GompBot Bone SubaUiuM In CiOM Saotjon. 



The lamelbe of compact bone are perforated by per- - 

pendicular petrified fibres, the 'p^fvraM,ng Jibrea of "^ 

Sharpey They form a contmutty with the fibres of ''. 

the periosteum, from which they are developed. ** 

Some of these fibres are fine, and of the nature of t 

elastic fibres, ''1 

67. Spongy bone substance occurs in the end of the ■^■ti 
shaft, in the apophyses, in short bones, and in the 

diploS of flat bones. The cavities or meshes of the 'V 

spongy substance are called Haversian apaceg; they \ 

intercomntunicate with one another, and are fill^ I'siit 

with marrow, which in the young and growing state '^itt, 

is generally of the red variety. The firm parts are of ■ r^ 

the shape of spicules and septa, called bone PrahecaUe, ' q^ 

'»5 
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of varying length and thickness^ and are composed q£ 
lameUae of bone substanoa 

Aooording to the arrangement of the trabecalsB^ 
the spongy substance is a uniform honey-combed sub- 
stance, or appears longitudinally striated, as in the 
end of the shaft. In the latter case the marrow spaces 
are elongated and thetrabecuhe more or less parallel, but 
anastomosing with one another by transverse branches. 

68. Oevelopmemt of bone. — ^Bone is developed 
in the embryo, and continues to be formed also after 
birth as long as bone grows, either in the cartUage, or 
independently of this directly from the osteogenetic 
layer of the periosteum. The former mode is called 
eTuhchondreUy the latter periostea/, or ifUermenUn'anmu 
formation. 

All bones of the limbs and of the vertebral 
column, the sternum, and the ribs, and the bones 
forming the base of the skull, are preformed in the 
early embryo as solid hyaline cartilage, covered with a 
membrane identical in structure and function with 
the periosteum, which at a later period it becomes. The 
tegmental bones of the skull, the bones of the face, 
the lower jaw, except the aiigle, are not preformed at 
all, only a membrane identical with the future perios* 
teum being present, and underneath and from it the 
bone is gradually being deposited. 

69. Endoelioiidml fommtioii. — The stags 
next to the one (1) in which we have solid hyaline 
cartilage covered with periosteum is the foUowinig 
(2) : Starting from the ''centre, or point, of ossifia|* 
iion," and proceeding in all directions, the cartilsjfi^ 
becomes permeated by numbers of channels (cartilaa|i^ 
channels) containing prolongations (periosteal procesiiplE. 
of Virchow) of the osteogenetic layer of the periostei 
t.&, vessels and osteoblasts, or marrow ceil& Thisj 
the stage of the va8cuJari9aHon of the cartilttge, 
the next stage (3) the cartilage bordering on th4 
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channels grows more transparent, the lacniiR becoming 
enlarged and the 
cartilage cells more 
transparent. The lat- 
ter gradnallj break 
down, while the in- 
tercet Inlar trabeoulie 
become calefied; 
the lacunte ^cm- 
selTca, by absorp- 
tion, fusing with the 
cartil^e channels. 
These latter there- 
by become trana- 
i formed into irreg^^ 
• lar eoMties, which 
« bordered by, and 
into which project, 
trabecule qfeede^ed 
cartilage. The cavi- 
ties are the primari/ 
marrow eavttMt, and 
they are filled with 
the primary or ear- 
Hlage marrow, i.e., 
blood - vessels and 
osteoblasts, derived, 
as stated above, from 
the osteogenetic 
layer of the perioft- 
team. (4) The os- 
tadiui] Bection throng Uie teoblasts arrange 
a..™™_ n» . i3.,i„_ themselves by active 

ip^nif^T^rjT^'Encinritl'nii^; multiplication as an 
epUhehid layer on 
the Bnrfaoe of the 

calcified cartilage trabecule projecting into, and bor- 
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dering the primary marrow cavities. The osteoblasts 
form, hoTie mbstcmce^ and as this proceeds, the calcified 
cartilage traheculce become gradually ensheatked and 
covered with a layer of osseous sttbsta/nce, — the osseous 
matrix * and branched bone corpuscles. Thus the 
original cartilage gradually assumes the appear- 
ance of a spongy substance, in which the cavities 
(primary marrow cavities) are filled with the primary 
marrow, and &re of considerable size, while the 
trabeculse bordering them are calcified cartilage 
covered with layers of new bone. The marrow cells, 
or osteoblasts, continue to deposit bone substance on 
the free surface of the trabeculse, while the calcified 
cartilage in the centre of the trabeculas gradually 
becomes absorbed. 

70. The nearer the centre of ossification, the 
more advanced the process, ie.y the more bone the 
less calcified cartilage is found in the trabeculse, 
and the thicker the latter. At the *' centre of ossifi- 
cation," i,e.f whence it started, the process is further 
advanced j away from it, it is in an earlier stage. 
At this period of embryo life, between the centre of 
ossification and a point nearer to the extremity of 
the shaft of a tubular bone, all stages described above 
may be met with, viz., between the solid unaltered 
hyaline cartilage at the end of the shaft, and the 
spongy bone with the unabsorbed remains of calcified 
cartilage in the middle of the shaft, all intermediate 
stages occur (Fig. 34). 

71. After birth, and as long as bone grows, we 
find in the end of the shaft, and to a further degree 
also in the epiphysis, a continuation of the above 
process of endochondral formation. In fact, all 
bones preformed in the embryo as cartilage ^row? m 
length before and after birth by endochondral formation 
of new bone. The hyaline cartilage at their ex- 
tremities (intermediate or ossifying cartilage) is the 
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cartilage at the expense of which the uew booe is 
formed, by the marrow (falood-vesseb and marrow- 
cells or osteoblasts) of the spongy substance in con- 
tact with the cartilage. 

72. Following the development of a tubular bone 
after the above-mentioned stage 4, we find that the ■ 
' spongy bone once formed ia not a permanent atracture, 



^ 
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bnt becomes gradually absorbed altogether, and this 
process also starts from the points of ossification. Thus 
a continuous cavity filled with marrow is formed, and 
this first appears in the region of the centre of ossifi- 
cation/ and represents the rudiment of the future 
continuous central marrow cavity of the shaft Simul- 
taneously with or somewhat previous to this absorp- 
tion of the endochondral bone, new bone — spongy 
bone — ^is deposited directly by the osteogenetic layer 
of the periosteum on the outer surface of the en- 
dochondral bona This also commences at the centre of 
ossification and proceeds from here gradually to further 
points. This is Hie periosteal hone (Figs. 34, 35). It is 
formed without the intervention of cartHage directly 
by the osteoblasts of the osteogenetic layer. And as 
fresh layers of osteoblasts by multiplication appear on 
the surface of the periosteal bone, new layers of bone 
trabeculse are formed, and also the old trabeculse become 
increased in thicknesa In the meshes or Haversian 
spaces of this spongy periosteal bone the same tissue 
is of course to be found as constitutes the osteo- 
genetic layer of the periosteum, being derived from 
and continuous with it. 

In these Haversian spaces concentric lamellae of 
bone substance become formed by the osteoblasts, and 
spongy is tiius transformed into compact bone, while 
at the same time the Haversian spaces, being nar- 
rowed in by the deposit in them of the concentric 
lamellae, are transformed into the Haversian canals. 
"When this compact bone is again absorbed — e.g.y that 
next the central marrow cavity of the shaft of a 
tubular bone — ^the concentric lamellae are first ab- 
sorbed, the Haversian canal bein&r in this way again 
transformed into a Haversian spai ' ^^ 

73. At birth all the primary endochondral bone has 
already disappeared by absorption from the centre of 
the shaft, while the bone present is all of periosteal 



origiit. At Uie extremity of tiie shaft, however, the 

^_ spongy bone is all 

endochondral bone^ 
and it contiiraeB to 
grow into the inter- 
mediate OBitilage as 
stated above, as long 
as the bone as a whole 
grows (Fig. 36). 
Of course the parts 
of this spongy bone 
nearest to the centre 
of the shaft are tiie 
oldest, and ulti- 
mately disappear by 
absorption into the 
central marrow 
cavity. In the epi- 
physis the spongy 
bone is also endo- 
chondral bone, and 
its formation is con- 
nected with the deep 
layer of the artloa- 
lar cartilage. 

Underneath the 
periosteum and on 

which" the ~int«ineai«T^rUiBmloins the BUlfsce of the 

"• ■"•"■"-■■-» spongy endochon- 

|ihi™b'?,Sd^ ^rtil bone at the 

extremity of the 

shaft, the periosteal 

bone is represented 

™ter ™™i "" '»"'"' "" "™ ""' only as a thin hiyer, 

extending as &r 

as the periosteum reaches, e.g., to the mat^iii of the 

articular cartilage. 




ths end of the ihaft. 

«. IntennedtUT cartUafe : 
IrmbecuUB of canLf^n 1i«roin« ^AduiiilT In 
vetted lb oneoum nbRtvice, ibAded Llffbt f 1 
cbe Bcim ; tli« mpBMi between Ihe trebeviUi 
eeaula murow. ud tbe eiptlliiiT blood 
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74. Interniembran*vs formatloii. — All 

boBes not preformed in the embiyo as cartilage are 
developed directly from the penost«um m the manner 
(tf theperiostealbonejuatdescnbed (Fig 37). HerealsO 




the new bone is at firat spongy bone, which in its inner 
layers gradually becomes converted into compact bone. 

In all instances during embryo life and after 
birth the growth of a bone in thickness takes place 
after the manner of periosteal hone ; this is at first 
spongy, but is gradually converted into compact bone. 

75. All OBseoDfl substance is formed in the embryo 
and after birtli by the oateoblaet or marrow cells 
(Oegenbaur, Waldeyer) : each ost«obla8t giving origin 
to » zone of osseous matrix, and in the centre of tbis 
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to a nucleated protoplasmic remnant, which graduallj 
becomes branched and then represents a bone celL 
The osseous matrix is at iirst a soft fibrillar tissue, 
but is gradually and uniformly impregnated with 
lime salts. This impregnation always starts from the 
centre of ossification. 

76. Wherever absorption of calcified cartilage or of 
osseous substance is going on, we meet with the multi- 
nucleated huge protoplasmic cells, called the myelo- 
plcucea of Robin. Kolliker showed them to be impor- 
tant for the absorption of bone matrix, and called 
them therefore Osteoclasts (Fig. 37). For cartilage they 
may be called Chondroclasts. When concerned in tho 
absorption we find these myeloplaxes situated in 
smaller or larger pits, which seem to have been pro- 
duced by them ; these absorption pits or lacunae on the 
surface of bones are called Uowship^s lacuncB, They 
invariably contain numbers of osteoclasts. It can, 
however, be shown that myeloplaxes are also con- 
cerned in the formation of bone, by giving origin to a 
number of new osseous zones with their bone cells. 
In the earliest stages of development of the foetal jaw 
this process is seen with great distinctness (Fig. 37). 

77. Dentine forms the chief part of a tootL It 
consists of a petrified matrix, in which are numbers of 
perpendiciilarly-arranged canals — the dentinal tubes — 
containing the dentinal fibres. It is in some respects 
similar to bone, although difiering from it in certain 
essentials. It is similar, inasmuch as it is developed 
in like manner by some peculiarly transformed 
embryonal connective tissue — ^viz., by the tissue of the 
embryo tooth papilla — and inasmuch as cells are con* 
oemed in the production both of the petrified matrix 
(impregnated with lime salts), and of the processes of 
the cells contained in its canals — the dentine fibre& 
The details of structure and distribution will be 
described in connection with the teeth. 
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CHAPTER VIIL 

NOK-STBIPED MUSCULAR TISSUE. 

78, This tissue consists of nucleated cells, which, 
unlike amoeboid cells, are contractile in one definite 
direction, becoming shorter and thicker during coii- 
traction. 

The cells are elongated, spindle^haped, or band-like 
(Fig. 38a), and drawn out at each extremity into a longer 
or shorter, generally single but occasionally branched, 
tapering process. Each cell includes an oval micleus, 




Fig. 38a.— Non-striped Muscular Fibres, isolated. 

The erosB-msrkiBgs indicate corrugations of the elastic sheatb of the individoal 

fibres. (Atlas.) 

which is flattened if the cell it belongs to is flattened. 
The cell-substance is a pale homogeneous-looking or 
finally and longitudinally striated substanca 

During extreme contraction the nucleus may 
become more or less plicated, so that its outline be- 
comes wavy or zig-zag. 

It has been shown (Klein) in certain preparations — 
e.g,, the non-striped muscle cells of the mesentery of 
the newt — ^that each muscle cell consists ol a delicate 
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elastic alteath, inside of which is a bti/ndle of mintUe 
JibrilSf which cause the longitudinal striation of the cell. 
These fibrils are the contractile portion ; and they are 
contractile towards the nucleus, with whose intranu- 
clear reticulum they are intimately connected. When 
the cell is contracted its sheath becomes transversely 
corrugated (Fig. 38b). 

79. The non-striped muscular cells are aggregated 
into smaller or larger bundles by an interstitial albu- 




Fig. 38b.— A Non-striped Mascnlar Cell of Hesentery of Newt. 

Showingr several places where the muscular substance appears contracted, 
thickened. At these places the corrugationa of the sheath are marked. 
(Atlas.) 

minous homogeneous cement substance, the cells being 
imbricated with their extremities. The bundles may 
form a plexus, or they may be aggregated by fibrous 
connective tissue into larger or smaller groups, and 
these again into continuous masses or membranes. In 
the muscular coat of the bladder, in the choroidal 
portion of the ciliary muscle, in the arrector pili, in the 
muscular tissue of the scrotum, very well marked 
plexuses of bundles of non-striped muscular cells may 
be met with. In the muscularis mucosse of the 
stomach and intestines, in the outer muscular coat of 
the same organs, in the uterus, bladder, &c, occur 
continuous membranes of non-striped muscular tissua 

When the muscular cells form larger bundles they 
are more or less pressed against one another, and, 
therefore, in a cross section appear of a polygonal 
outline. 

80. Non-striped muscular tissue is found in the 
following places : in the muscularis mucosae of the 
oasophagus, stomach, small and large intestine ; in the 
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oater muscular coat of the lower two-thirda or half 
of the human oesophagua ; in that of the Btomach, arna.ll 
and large intestine ; in the tissue of the pelvis and 
outer capsule of the kidney ; in the muscular coat of 
the ureter, bladder, and urethra ; in the tubules of 
the epididjmia, in the vas de- ^^ ^ 

ferens, veaiculee seminalis and ^_ ^ft ™ 

prostate ; ih the corpora caver- ^ifc'W"*^'^ 

nosa, and spongioea; in the *^^A;^9%% 
tissue of the ovary, and in the ^®#,^Sff^i*,a 
ligameutum latum ; in themus- A AW.^j^^^ 
cular coat of the oviduct, the ^ •'a^ 
uterus and vagina ; in the Boft ^^ ^ 9 

or posterior part of the vrall of <■> 9 4 

the trachea ; in the large and ««. ».— Fn-m ■ Tnnnvme 
small bronchi, in the alveolar "( Nnn-«triM# Mn"cuiiir 
duct« and infundibula of the n„„,„™i.r>»iii 1*1.1, qii»ji^ 
Inng; in the pleura pulmonalis ?^:Ti..'iSW«4SSS 
(guinea-pig) ; in the peritoneum Si^'^STSSSfiSlrMS! 
of the fi^ and newt, in tlie «£^°(aijL|' "' "'"*'** 
upper part of the upper eye-lid, 
and in the fissure orbitalis; in the sphincter and 
dilatator pupillse, tmd the ciliary muscle; in ^e 
capsule and trabeculte of the spleen, and the trabecule 
of Bome of the lymphatic glands ; in the nrrector pili, 
and sveat glands of the skin, the tunica dartos of 
the scrotum ; in the tiBsue of the niffple of the breast ; 
in the large ducts of the salivary and pancreatic 
gland ; and in the muacular coat of the gall bladder, 
the hepatic and cystic duct. The aorta and the 
arteries have a larger amount of non-striped mtiscular 
tissue, the veins and lymphatics a smaller. 

81, As regards length, the mnacular cells vary 
■within conBiderable limits {from -^ to -j^^ of an inch), 
those of the intestine, stomach, respiratory, urinary, and 
genital organs being very long, as compared with 
those of the blood-vessels, which are sometimes only 
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twice or ihrice as long as they are broad, and at the 
same time branched at their extremities. 

Non-striped muscular tissue is richly supplied with 
blood-vessels, the capillaries forming oblong meshes, 
though their number is not so great as in striped 
muscla The nerves of non-striped muscle are all 
derived from the sympathetic ; their distribution and 
termination will be described in a future chapter. 



CHAPTER IX. 

STRIPED MUSCULAR TISSUE. 

82. This tissue is composed of extremely long (up 
to lJ-2 inches) more or less cylindrical fibres, of a 
diameter varying between ^^ to ^^ of an inch ; they 
appear transversely striated. These are the striped 
Tnuscular fibres. They are held together by delicate 
bundles of fibrous connective tissue, with the ordinary 
connective tissue cells — endomysium — so as to form 
larger or smaller bundles ; these again are aggregated 
together by stronger bands and septa of fibrous con- 
nective tissue — -perimysium — ^into groups, and these 
into the fascicles or divisions of an anatomical muscle. 
The fibrous connective tissue, including the perimysium 
tissue, is the carrier of the larger vascular and nervous 
branches. The endomysium contains the capillaries, 
which form very rich networks with elongated meshes, 
and are always situated between the individual 
muscle fibres. The capillaries and veins appear very 
wavy and twisted in the contracted bundles, and 
straighter in the uncontracted bundles. The small 
vessels are provided here and there with peculiar saccu- 
lar dilatations, which act as a sort of safety receptacles 
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for the blood when, during a sudden maximal contrao- 
tion, it ia pressed out from some of the capillaries. 

83. Each muscular fibre during contraction be- 
comes shorter and thicker. In the living uninjured 
mnscular fibres, apontaneouBly or after the application 
of a atimnius, a coatraction starts at one point and 
pasaea over the whole muscular fibre like a wave — 
contraction v>an» — the progress of which is noticeable 
bj the thickening, gradually and rapidly, shifting along 
the fibre, thepart behind resumingits previous diameter. 

84, When looked at in the fresh state, or after the 
action of certain re-agenta, the muscular fibre shows the 
following parts 

(Fig.40);{l)a i . ; 

transparent ho- |[ll]lir|l||||llt|||||llt!ir, 
mogeneouB deli- ."i! _ 
cate elastic (Wt 
rfieath, the sa/r- 1*'*'-'" 
colemma ; (2) 
dark delicate 
lines stretching 
across the fibre 
at regular inter- 
vals, so as to 
snb-divide the 

re within Ij 
Barcolemraa 
into uniform 
transverse com- 
partments, the 
mitecular com- 
partirmiU of 
Kraase. These %^SSS 
dark lines are \!',", 
the Tnemhranin ™^"k 
of Krauge. Un- 
der a high power they b< 




n permeated or broken up by 



68 Elements of Histology. [Chap. ix. 

a great nnmber of fine, clear, longitiidinal lines (see be- 
low), and therefore under these conditions seem to be 
made up of one row of granules. The membranes of 
Krause appear fixed to the sarcolemma, so that while 
a fibre contracts, or while it is contracted or shrunk, 
owing to the action of hardening re-agents, or merely 
in consequence of being detached from its fixations, its 
surface is not smooth, but regularly and transversely 
undulating, the valleys being caused by the attachment 
of the membranes of Krause to the sarcolemma. 
On stretching a fibre beyond its natural passive state, 
the surface becomes also uneven and undulating, but 
in a reverse manner from the above. 

85. These two membranous structures represent, 
as it were, the framework. In the muscular com> 
partments is contained the muscular substance, which 
again consists of (a) tlie contractile or chief avhstance 
(RoUett), which is a dim, broad, highly refiractive, 
doubly refractive disc, occupying the greater part of a 
compartment, except a thinner or thicker layer at the 
side of Krause's membrane. This layer is (6) a trans- 
parent homogeneous fluid substance, forming the lateral 
disc of Engelmann, or the secomdary substance of 
Bollett. It is isotropous. In this lateral disc occa- 
sionally a transverse row of granules appears present, 
but this is by no means of constant occurrence The 
contractile disc seems homogeneous, but is in reality 
composed of prismatic or rod-shaped elements, the sar- 
comas eleinents of Botmna/a, each being as long as the con- 
tractile disc. They are very close, and there is left 
between them in the fresh and living state an exceed- 
ingly minute layer of a homogeneous transparent 
interstitial substance, identical with that of the lateral 
disc. After death and shrinking of the sarcous 
elements, this interstitial substance is more marked, 
and is then easily perceived as longitudinal clear 
lines separating the sarcous elements in the iiidi- 
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vidual compartments. The total appearance pro- 
duced is that of longitudinal striation, the sarcous ele- 
ments of successive compartments forming iibrils — 
called the priTmtive fibrils. Sometimes in hardened 
muscular fibres the substance of the sarcous elements 
shows a middle transparent portion for the whole 
contractile disc; this appears to form a distinct 
median transparency, known as the median disc of 
Hensen, 

86. Of course, each such fibril is a successive row 
of sarcous elements, with the corresponding portion of 
Krause*s membranes, and the adjacent portions of the 
lateral discs. Generally, each fibril is thinnest at the 
point of Krause's membrane and lateral discs, and 
thicker at the part corresponding to the sarcous ele- 
ments, so that in reality it is of a moniliform shape 
(Haycraft). This varicose condition is the more appa- 
rent the shorter and thicker the individual sarcous 
elements are (Fig. 43a, b and c). 

These differentiations due to structure alone are 
sufficient to produce a transverse striation of the mus- 
cular fibi^s; but it must be borne in mind that a fibre 
when contracted or shrunk, even in the smallest degree, 
would show a transverse striation due to the above- 
mentioned undulating surface. Any other fibre with a 
moniliform shape would show the same transverse 
striation (Haycraft) ; and that usually observed on 
hardened — ».e., shrunk and more or less contracted — 
fibres, may be accounted for in this way. Fibres 
stretdied or prevented from shrinking generally show 
pronounced longitudinal striation, but also very faint 
cross striaB ; these latter are due to the structural 
differences. 

87. On observing a transverse section through a 
fresh and living muscular fibre, the muscular substance 
inside the sarcolemma appears as a transparent ground- 
glass-like substance, crossed here and there by bright 
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lines. These lines gradually increase in number, and 
BO jfflui that ultimately they form & dense network. 
Thus a more or less regular pattern of small polygoiial 
fields is produced, which are styled Cohnheim's areas or 
fields (Fig. 41). Each corT«- 
^Tf^^^ aponds to the end-view or 

~\ optical section of a sarcous 

element prism, and is granu- 
lar, as if composed of a 
' ' bundle of minute fibrils. 

/ - I If this be the case, each 

\. I sarcous element will have to 

■^1 ( he considered as a bundle 

f.-lx -.^' '"^—^ of rods. The bright lines 

^^ producing the Gohnlieim's 

Pig. «. -Striped MasonUr fields are the interstitial 
PibTM in Cto« Beotion. substance. When a muscle 
'^Sr.^lhB'Su^KiSbsl!^ fitre shrinks, after death 
msiI'TItiu.T' '""' °°'^'"^'°''' or after Some hardening re- 
agents, Cohnheim's fields 
shrink into small circular areas, separated by a rela- 
tively large amount of the interstitial substance. 

88. During contraction the cross striation is much 
narrower, the dim disc becoming shorter in the long 
diameter of the fibre, but broader in the transverse 
direction. 

The broader the lateral disc in a fibre, the more 
apart from one another are the dim or contractile 

On the surface of the substance of the muscle 
fibres, but within the sarcolemma, are seen isolated 
oblong nuclei, which belong to small protoplasmic, 
more or less branched corpuscles — the mwicfe ovr- 
pvschi. In the adult fibres these are few and fitr 
between ; in the young and growing fibres they are 
numerous and large. Their protoplasm is the sub- 
stance which, becoming converted into the muscular 
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substance, ia the material at the expense of vMch 
new fibres are formed, or fibres already formed 
become thickened, as is the case 'when muscle fibres 
are kept at constant work. 

In the muscular fibres of man and most verte- 
brates (except the fibres of the heart), the muscular 
corpuscles are situated on the surface of the muscular 
substance ; but in invertebrates (especially insects and 
Crustacea) they are often found in the centrsJ part 
of the fibres, and here they are occasionally seen 
forming almost a continuous cylindrical mass of nu- 
cleated protoplasmic cells. 

89. In 4^e embryo the muscular fibres are de- 
veloped firom spindle-shaped nucleated cells (Remak, 
Weissmann, Kblliker). One spindle-shaped cell with 
an oval nucleus grows rapidly in length and thick- 
ness, its nucleus divides repeatedly, and the ofispring 




become shifted from one another as the cell con- 
tinues to grow in length. The protoplasmic sub-' 
stance all along one side of the cell gives origin to 
the muscular substance — sarcous elements and lateral 
disc — while a small rest of protoplasm remains col- 
lected around the nucleus as the muscle corpuscle. 
This protoplasm continues to increase in amount, 
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oad then the increment again changes into muscular 
substance (Fig. 42). In tiiis way the muscular fibre 
increases in thickness. Thus one epindle-ahapad 
embryo cell gives rise to one muscular fibre, which, 
at first very slender, continues to grow in thickness 
by the active growth of the muscle corpuscles. The 
sarcolemma appeaj'S to be formed from 
I cells other than muscle cells. 

90. The striped muscular fibres, taken. 
as a whole, are, as a rule, spindle-shaped, 
becoming gradually thinner towards their 
ends. They are branched in some excep- 
tional cases — e.g., in the tongue ; here 
the extremities of the muscle fibres, 
passing in a transverse direction into 
the mucous membrane, become richly 
branched. 
, 91. Muscular fibres terminate in 

I tendons, either by the whole fibre passing 
into a bundle of connective tissue fibrils 
, -. , (Pig, 43), or by the tibre ending abruptly 
■with a blunt, conical end, and becoming 
here fixed to a bundle of connective tissue 
fibrils. The individual fibres have only, 
I . as mentioned above, a relatively limited 

'■ length, so that, following an anatomical 

"ii^EaSai- fascicle from one point of its insertion to 
! other, we find some muscle fibres 



Enste 



at terminating, others originating. This 



__ takes place in the following way: the 

"■^^^Ibm^ contents of a fibre suddenly terminate, 
while the sarcolemma, as a fine thread, 
becomes interwoven with the fine connective tissue 
between the muscular fibres. 

92. The striped muscular fibres of the heart 
(auricles and ventricles) and of the cardiac ends of 
the large veins (the pulmonary veins included) differ 
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from other atripted muscular fibres in the following 
respects; — (1) They possess no distinct Barcolemma. 

(2) Their muscle corpuscles are in the centre of the 
fibres, &nd more numerous than in ordinary fibres. 

(3) They are Tery richly branched, each fibre giving off 
all along its course short branches, or continually divid- 
ing into smaller 
fibres and form- 
ing a close net- 
work (Fig. 43a.) A 
transverse section 
through a bundle 
of such fibres 
shows, therefore, 
their cross sections 
irreguliu' in shape 
and size. (4) Each 
nucleusof a muscle 
coipuscle occupies 
the centre of one 






thus 




apfffax composed iL_ .; i ? 

of a single row of p,^ wi.-striped Moicuiu- Fit™ ot the 

such prismatic Heart ot Mouse. 

portions, and tiiey */„53^SS.i,fn''n™wSri!rB,'S.*r!'o™i"eflMi' 

seem separated jrfiii(((iF?*Sbriiia: o, oiie'vrtffliifio'flbriiill 

from one another moreiiiehiyBiMDiiied. 

— at any rate in an 

early stage — by a septum of a transparent substance. 

93. Muscular £bres seem eitlier markedly pale 
w markedly red (Ranvier).; in the former {e.g., 
quadratus lumboruro, or adductor magnus femoris 
of rabbit) the transverse striation is more distinct 
and the muscular corpuscles less numerous, than 
in the latter {e.g., semi-tendinosus of rabbit, 
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diaphragm). Here the longitudinal striation ap- 
pears very distinct, but these differences are not 
constant in other muscular fibres of other animals 
(E. Meyer). 

94. Briicke has shown that striped muscular fibres 
are doubly refractive, like uniaxial positive crystals 
(rock crystal), the optical axis coinciding with the 
long axis of the fibres. The lateral disc and inters 
stitial substance are isotropous, the sarcous elements 
(Briicke) and Krause's membrane (£ngelmann) being 
doubly refractive. The sarcous elements are, how- 
ever, not the ultimate optical elements, but must be 
considered as composed of disdiaclasts, the real doubly 
refractive elements (Briicke). 



CHAPTER X. 

THE HEART AND BLOOD-VESSELS. 

95. (a) The heart consists of an outer serous 
covering {f,he visceral pericardium), an inner lining 
(the endocardium), and between the two the muscular 
wall (Fig. 44). Underneath the pericardium and en- 
docardium is a loose connective tissue, called the sub- 
pericardial and subendocardial tissue respectively. 

The free surface of both the pericardium and 
endocardium has an endothelial covering, like other 
serous membranes — i.e., a single layer of transparent 
nucleated cell plates of a more or less polygonal or 
irregular shape. The ground- work of these two mem- 
branes is fibrous connective tissue, forming a dense 
texture, and in addition there are many elastic fibres 
composing networks. Capillar j blood-vessels, lymphatic 
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vessels, and Hm&ll branches of nerve-fibres are met 
with everywhere. The Bubpericardial and Bubendo- 
cardial tissues conaiat of loosely coiuiected tntbecalee of 
fibrous connective tissue, forming a continuity with 
the iutennuscular connective tissue of the muscular 
part of tlie hflart. 

The former contains n>x:r'--." '^"^- '" ■""■"■.,-■- 
in many places t - ' . ■- 

groups of fat cells. 

96. On the free </ . -« 

snrface of the papil- 
lary muscles, in some 

parte of the sorfaee 

of the trabeculte car- 

nen, and at the inser- 
tion of the valves, 

the endocardium is 

thickened by ten- 
dinous connective 

tissue. The valves 

themselves are folds 

of the endocardiuiu, 

and contain in their 

essential parte fibrous 

connective tissue, to 

which, especially in ° 

the semilunar valves, 

numerous elastic 

fibres are added. The muscular tissue of the wall 

of the auricle penetrates a short way into the auriculo- 

veatricular valves. 

All the cordse tendinesand the valves are of course 

covered on their free surfaces with endothelium. 

Special tracts of muscle fibres occur in the sbb- 

endocardial tissue. 

The/ir«« of PwrkM^e are peculiar fibres occurring 

in the subendocardial tissue in some mammals and 
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birds (not in man). Thej axe thin, transversely striped, 
muscidar fibres, the central part of which is a con- 
tinuous mass of protoplasm, with nuclei at regular 
intervals, the same as is the case with some skeletal 
muscular fibres of insects. 

97. The muscular fibres forming the proper wall 
of the heart, the structure of which has been described 
in the previous chapter, are grouped in bundles 
separated by vascular fibrous connective tissue. In the 
ventricles the bundles are aggregated into more or less 
distinct lamellae. 

Like other striped muscular fibres, iliose of the 
wall of the heart are richly supplied with blood-vessels 
and lymphatics. The endocardium and valves and the 
pericardium possess their own systems of capillariea 

The lymphatics form a pericardial and an endo- 
cardial network, the muscular substance of the heart 
having numerous l3rmphatics in the shape of lymph 
clefts between the muscular bundles, and also typical 
networks of tubular lymphatics. 

98. The nerve branches of the plexus cardiacus 
form rich plexuses. In connection with some of 
them are found numerous collections of ganglion cells 
or ganglia. These are very numerous in the nerve 
plexus of the auricular septum of the frog's heart (Lud* 
wig. Bidder), and in the auriculo-ventricular septum 
of the frog (Dogiel). In man and mammals numerous 
ganglia are found on the subpericardial nerve brandlies, 
chiefly at the point of junction of the large veins with 
the heart, and at the boundary between the auricles 
and the ventricles. 

99. (b) The arteries (Fig. 45) consist of : (a) an 
tvdotlhelial layer lining the lumen of the vessel ; (6) an 
iniima consisting of elastic tissue ; (c) a media, con- 
taining a large proportion of non-striped muscular cells 
arranged chiefly in a transverse, i.6., circular, manner; 
and {d) an adventitia composed chiefly of fibrous 
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connective tissue, with an admixture of networks of 
elastic fibres. 

(d) The endothelium is a continuous single layer 
of flattened elon- e, 
gated cell plates, i 

(&) The inti< 
ma in the a<M^ 
and large arteries 
is a Tery com- 
plex structure, 
consiBtJog of an 
innermost lajer 
of fibrous con- 
nective tissue, 
which is the 
" iimer longitu- 
dinal Jlbroua 
layer'' of Remak, 
outside erf which 
ia a more or less 
longitudinally- ^.-From ,. Tt^v,™ Sec 

Ulged elastic &e Inlenor Haeenteria Artsr; 

"■ " ssii.^ 



Section through 



membr^ie. Hiis ' 

ia laminated, and 

composed of 

feneairaied elaetie ntembranea of Henle (see a former 
chapter). The greater the artery the thicker the 
intima. In microscopic arteries the intima is a thin 
fenestrated membrane, the fibres having distinctly a 
longitudinal arrangement 

(c) The media is the chief layer of the waU of the 
arteries (Fig. 46). It consists of transversely arranged 
dastic lamdlie (fenestrated membranes and networks 
of elastic fibres), and between them smaller or larger 
hundles of circularly arranged muscular cella The 
larger Uie artery the more is the relation of elastic 
aud muscular tissue of the media in favour of the 
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former, in the smaller arteriea the reveree is the case. 
In microscopic branches of arteriee the media consists 
almost entirel}' of cir- 



cular non-striped muscle 
celbi with only few elas- 
tic fibres 

100 In the last 
branches of the nucro- 
scopic arteries, the mus 
cular media becomes dis- 
continuous, inasmuch as 
the (circular) muscular 
cells are arranged not as 
a continuous membrane, 
but as groups of small 
cells (m a single layer) 

nate fashion. 

■Wben the media 
contracfcH, the intima 
13 placed in longitudinal 
folds. 

The aorta has, in the 
innermost and in the 
outermost parts of the 

_^ _ _ media, numbers of Ion 

S^li''MSM«tBpiiiVVM^Bra"iS°«^ gitudinal and oblique 
Ky?r> \tr'Se?H''B*i!'pi7mScii''"iii™r muBcle cells Accord 
iium in [be nrwrr (Atta. y^ ^ Barfplcben, aU 

tai^ and middle-sized 
arteries have an inner longitudinal luuscular coat. 

101. Between the media and the next outer layer 
there is, in larger and middle-sized arteries, a special 
elastic membrane, the eUa^a, externa of Henle. 
{d) The adventibia is a relatively thin fibrous con- 
nective tissue membrane. In large and middle-sized 
arteries there are numbers of elastic fibres present, 



|. 
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especial!}' in the part next to the media ; thej form 

networks, and have pre-eminently a longitudinal 

direction. 

The larger the artery the more insignificant is the 

adventitia as compared with the thickness of media. 
In microscopic arteries (Fig 47), the n r 

adventitia is represented by thin bundles 
of fibrous connective tisaue and branched 
connective tissue cells 

Large and middle-aized artenea pos- 
sess their own system of blood vessels 
(rasa vasorum), situated chiefly in 
the adventitia aud media , lymphatic 
vessels and lymphatic clefts are also i 
present in these coats. -I 

102. (o) The veins differ from the 
arteries in the greater thinness of their 
^irall. The intima and media are simdar 
to those of artenea, only thinner, both 
absolutely and i-elatively. The media 
contains in most veins circularly ar- ^'fj c'/ol "I"™ 
ranged muscular fibres ; they form a con- Artery. 
tinuouB layer, as in the arteries, and ''i£^>f^™i^ 
there is between them generally more i!^'°oi & .i^ 
fibrous connective tissue than elastic. K^'Jjy*^,,,^" 
The adventitia is usually the thickest coat, ^ai^ •d™nuii» 
and it consists chiefly of fibrous connec- 
tive tissue (Fig. i6). The smallest veins — i.e., before 
passing into the capillaries — are composed of a lining 
endothelium, and outside this are delicate bundles of 
connective tissue forming an adventitia. The valves 
of the veins are folds, consisting of the endothelium 
lining the surface, of the whole intima, and of part 
of the muscular media. 

103. There are many veins that have no muscular 
fibres at all, e.g., vena jugularis— interna and externa 
— the vena subclavia, the veins of the bones and 
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retina; and of the membranes of the brain and cord. 
Those of the gravid utems hare only longitudinal 
muscular fibres. The vena cava, azygos, hepatica, 
spermatica interna, renalis and axillaris, possess an 
inner circular and an outer longitudinal coat. The vena 
iliaca, cniraHs, poplitea, mesenterica, and umbilicalis 
possess an inner and outer longitudinal and a middle 
circular muscular coat. The intima of the venae 
pulmonales in man is connective tissue containing 
circular bundles of non-striped muscular cells (Stieda). 

104. The trunk of the vense pulmonales possesses 
striped muscular fibres, these being continuations of 
the muscular tissue of the left auricle. 

105. Hoyer showed that a direct communication 
exists between arteries and veins without the inter- 
vention of capillaries — as in the matrix of the nail, 
in the tip of the nose and tail of some mammals, in 
the tip of the fingers and toes of man, in the margin 
of the ear lobe of dog and cat and rabbit. 

In the cavernous tissue of the genital organs 
veins make large irregular sinuses, the wall of which 
is formed by fibrous and non-striped muscular tissue. 

106. (d) The capillary Mood-vessels are 
minute tubes of about -^^^^ to g-oVrr ^^ ^^ inf^ in 
diameter. Their wall is a single layer of transparent 
elongated endothelial plates^ separated by thin lines of 
cement suhsta/rvce (Fig. 48) ; each cell has an oval 
nucleus. In fact, the wall of the capillaries is merely 
a continuation of the endothelial membrane lining 
the arteries and veins. 

In some places the capillaries possess a special 
adventitia made up of branched nucleated connective 
tissue cells (hyaloidea of £rog, choroidea of mammals), 
or of an endothelial membrane {pia mater of brain 
and cord, retina and serous membranes), or of adenoid 
reticulum (lymphatic glands, His). 

The smallest capillaries are found in the central 
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nervous system, the largest ia the ismtow of bone. 
The capiU&rieB form alwajs networks, the ricbneBS and 




« 1 Bl the GA^IIuy blond' 



ammgemeiit of which vaiy in the diDereni oi^mu^ 
according to the nature and arrangement of the ele- 
ments of tiie tJBSue (Fig. 49). 
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107. If capillaries are abnormally distended, as 
in inflammation, or otherwise injured, the cement sub- 
stance between the endothelial plates is liable to give 
way in the shape of minute holes, or stigmata^ which 
may become larger holes, or stomcUa, The passage 
of red blood corpuscles (diapedesis), and the migration 
of white corpuscles in inflammation through the 
unbroken capillaries and small veins, occur through 
these stigmata and stomata. 

108. iroun§r and Oroi^insr Capillaries, both 
of normal and pathological tissues, possess solid thread- 




Fig. 50.— From a Preparation of Omeutnm of Baooit, after staining with 

Nitrate of Silver. 

V, A minute vein ; a, solid protoplasmic proIonKations of tbe wall of a e^illuy, 
connected with connective tissue corpuscles ; e, a solid young sprout. CAtlas.) 

like shorter or longer nucleated protoplasmic processes 
(Fig. 50), into which the canal of the capillary is- 
gradually prolonged, so that the thread becomes con- 
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verted into a new capillaty branch. Such growing 
c&pill&ries are capable of coutrtMitiiHi (Strieker). 

All blood-veeeels, arteries, veins, and capillaries, 
in their early stages, both in embryonal and Adult life, 
are of the nature of minute tubes, the wall of 
which consists of a simple endothelial membrana 
In the case of the vessel becoming an artery or vein, 
oells are added to the outside of the endothelium, 
thus forming the elastic, nrascnlar, and fibrous oon- 
nective tissue elements of the walL 

109. In the first stage, both in the embryo and 
in the adult, the -a 

vessel is repre- 
sented by a solid 
nucleated proto- 
plasmic oell, elon- 
gated or spindle- 
shaped or branch- 
ed. Such a cell 
may be an isolated 
cell of the connec- 
tive tissue inde- 
pendent of any 




or it may be a * 
solid protoplasmic 
outgrowth of the 
endothelial wall of 
an existing capil- 
lary vessel (Fig. y|g, SL-DerdopiiM Cspillari Blood-Ti 
51). InbotJlcaSM (mm tea Tail (9 Tidpole. 

it becomes hoi- •^'fji'iKt^S'SrS^iSSSP.^tSiril'yjiS'^.Si: 
lowed out by a ?KSi.)'«"™" *"" ""to^iworing <wiuvi«. 
process of vacuola- 

tion; isolated vacuoles appear at first, but ^ey 
graduaUy become confluent, and thus a young vessel is 
formed, at first very irrsgulsj' in outline, but gradually 
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acquiidng more and more of a tubular form. In the 
case of an isolated cell, its protoplasmic processes 
grow by degrees to the nearest capillary, to the wall 
of which they become fixed, and the cavity of the cell 
finally opens through such processes into that of the 
capillary vessel 

The wall of young capillaries is granular-looking 
protoplasm (the original cell substance), and in it 
are disposed, in more or less regular fashion, oblong 
nuclei, derived by multipHcation from the nucleus of 
the original celL In a later stage, a differentiation 
takes place in the protoplasmic wall of the capillary 
into cell-plates and cement substance, in such a way 
that each of the above nuclei appertains to one cell- 
plate, which now represents the final stage in the 
formation of the capillary. Both in the embryo and 
in the adult a few isolated nucleated protoplasmic cells, 
or a few protoplasmic solid processes of an existing 
capillary, may by active and continued growth give 
origin to a whole set of new capillaries (Strieker, 
Affanasieff, Arnold, Klein, Balfour, Banvier, Leboucq). 



CHAPTER XI. 

THE LYMPHATIC VESSELS. 

110. The large lympbatlc tmnlLS, such as the 

thoracic duct, and the lymphatic vessels passing to and 
from the lymphatic glands, are thin-walled vessels, 
similar in structure to arteries. Their lining endothe^ 
Hum is of the same character as in an artery, and so are 
the elastic intima and the media with its circular mus- 
cular tissue, only they are very much thinner than in 
an artery of the same calibra The adventitia is an 
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exceedingly thin eoimective tissue membrane with a 
few elastic fibres. The valveB ai« semi-lunar folds of 
the endothelium and intima. 

111. The Irmpbatics in the tissues and organs 
form rich plexuses. They are tubular vessels, the wall 
of which is, like that of a capiUarj blood-vessel, a single 
layer of endothelial plates (Fig 52) The lymphatic 
may be, and often ls many times wider thaik a blood 
capillary The endothelial plates are elongated, but 



Fig. GS.— L;mpn&tic Veesels of the DlAphi^m at tlie Doe, itaiued witli 
Nltnte of ^Ter. 

not BO long as in a blood capillary, wiUi more or less 
sinuous outlines, but this depends on the amount of 
shrinking of the tissue in which the vessel is embedded ; 
when there is no shrinking in the tissue or in the vessel, 
the outlines of the cells are more or less straight. 

The lymphatics are supported by the fibrous con- 
nective tissue of the surrounding tissue, which does 
not, however, form part of their wall. 
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112. The outline of the vessel is not straight, but 
more or less moniliform, owing to the slight dilatations 
present below and at the aemirlunar valves ; these are 
folds of the endothelial wall^ and they are met with in 
great numbers. The vessel appears slightly dilated 
immediately below the valve, that is, on the side 
farthest from the periphery, or rootlet, whence the 
current of lymph starts. 

113. Tracing the lymphatic vessels in the tissues 
and organs towards their rootlets, we come to more or 
less irregular-shaped vessels, the wall of which also 
consists of a single layer of polygonal endothelial plates ; 
the outlines are very sinuous. These are the lyrnr 
phatic capiUcuriea ; in some places they are mere clefts 
and irregular sinuses, in others they have more the 
character of a tube, but in all instances they have 
a complete endothelial lining, and no valves. 

Sometimes a blood-vessel, generally arterial, is 
ensheathed for a shorter or longer distance in a 
lymphatic tube, which has the character of a lym- 
phatic capillary; these are i^Q perivcbscula/r lymphatics 
of His, Strieker, and others. 

114. The rootlets of the lympbatlcs are situ- 
ated in the connective tissue of the different organs 
in the shape of an intercommunicating system of 
crevices, clefts, spaces, or canals, existing between the 
bundles, or groups of bundles, of the connective tissua 
These rootlets are generally without a complete endo- 
thelial lining, but are identical with the spaces in 
which the connective tissue corpuscles are situated; 
where these are branched cells anastomosing by their 
processes into a network — ^such as the cornea, or serous 
membranes — we fioid that the rootlets of the lymphatics 
are the lacunse and canaliculi of these cells — the typical 
lymph-canalicular system of von Recklinghausen. (Fig. 
53). The endothelial cells forming the wall of the 
lymphatic capillaries are directly continuous with the 
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oramective cells situated in the rootlets. In tendons 
odd fascige the minute lymphatics lie between the 
bundles, and have the ebape of oontinuouB long cleft« 




or channels ; in striped muscular tissue they have the 
name character, being situated between the muscular 

The passage of plasma from the minute arteries 
and capillary blood-vessels into the lymph-rootlets 
' ' 1 tJke tissues, uui thence into ^e lymphatia 
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capillaries and lymphatic vessels, represents the natural 
current of lymph irrigating the tissues. 

115. liympb cavities*— In some places the lym- 
phatic vessels of a tissue or organ are possessed of, or 
connected with, irregularly-shaped large sinuses, much 
wider than the vessel itself ; these cavities are the 
Ijonph sinuses, and their wall is also composed of a 
single layer of more or less polygonal endothelial 
plates with very sinuous outlines. Such sinuses are 
found in connection with the subcutaneous and sub- 
mucous lymphatics, in the diaphragm, mesentery, liver, 
lungs, &C. On the same footing — i.e., as lymph 
sinuses — stand the comparatively large lymph cavities 
in the body, such as the subdural and subarachnoidal 

spaces of the central 
nervous system, the 
synovial cavities, the 
cavities of the tendon- 
sheaths, the cavity of 
the tunica vaginalis 
testis, the pleural, 
pericardial, and peri- 
toneal cavities. In 
batrachian animals, 
6.^., frogs, the skin all 
over the trunk and 
extremities iis sepa- 
rated from the sub- 
jacent fascise and 
muscles by large bags 
or sinuses — ^the 9vh- 
cutaneotbs lymph 8a4i8. 
These sinuses are shut 
off from one another by septa. Between the trunk 
and the extremities, and on the latter, the septa 
generally occur in the region of the joints. In 
female frogs in the mesogastrium smaller or larger 




Fig. 54.— Stomatft, Uned with G^enni- 
natiiig Endothelial Cells, as seen 
firom the Cistenial Snxfaoe of the 
SeptnmCistemsB Lymphaticffi TVTagnaB 
oftheFxog. (Handbook.) 



Chap. XL] The Lymphatic Vessels. 89 

cysts lined with ciliated endothelium are aometimes 
fonnd. Behind the peritoneal cavity of the frog, 
along and on each side of the vertebral column, exists 
a similar large lymph sinits, called the cistema lympha- 
tica magna. 

116. In all instances these cavities are in direct 
communication with 
the lymphatics of the 
surrounding parts by 
boles or open moutlu 
(stomato), often lined 
by a special layer of 
polyhedral endothe- 
lial cells — germinat- 
ing cells (Figs. 54, 
66). Such stomata 
are numerous on the 
peritoneal surface of 
the central tendon of 
the diaphragm, in 
which are fonnd 
straight lymph chan- 
nels between the 
tendon bundles, and these channels communicate here 
and there with the free surface by stomata. A 
similar arrangement exists on the costal pleura, the 
omentum, and the cistema lymphatica magna of the 
frog. (See Chapter IV.) 

117. The BeroDS membrBnes consist of a 
matrix of fibrous connective tissue with networks of 
fine elastic fibres ; they contain networks of blood 
capillaries and numerous lymphatic vessels arranged in 
(superficial and deep) plexuses. Those of the pleura 
eostalta — or rather, jntercoetalis — and of the diaphragm 
and pleura pulmonalia, are most numerous, liiey are 
important in the process of absorption from the pleural 
and peritoneal cavity respectively. Lymph and lymph 




Ff«. B5.— EndothenuB. and 8t< 
the FeriConenl Sorfuie oF the 
C]9(«rn Lj]Dpha.tio Magnaa 
Fng. (Hudbook.) 
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corpuscles, and other formed matter, are readily taJcen 
up by the stomata (see Fig. 20) and brought into the 
lymphatics, and in this the respiratory movement <^ 
the intercostal muscles, of the diaphragm, and of 
the lungs respectively, produces the result of the 
action of a pump. 

118. There is a definite relation between the 
Ijonphatics and the epithelium covering the mucous 
membranes and lining the various glands and between 
the endothelium covering serous membranes and that 
lining vessels and lymph cavities— -viz., the albumin- 
ous semifluid cement substance (se^ former chapters) 
between the epithelial and endothelial cells is the 
path by which fluid and formed matter pass between 
the surfaces and the lymph-canalicular system, the 
latter being the rootlets of the lymphatics. 

119. liympli taken from l^e lymphatics of dif- 
ferent regions differs in composition and structura 
That from the thoracic duct contains a large 
amount of colourless or white corpuscles — ^lymph cor- 
puscles — each of which is a protoplasmic nudeated cell 
similar in aspect and nature to a white blood corpuscle. 
They are of various sizes, according to the stage of 
ripeness. The smaller contain one, some of the larger 
contain two and three, nuclei The latter show more 
px)nounced amoeboid movement than the small one& 
A few red corpuscles are also met with. Granular 
and fatty matter is present in large quantities during 
and after digesti(HL 

In the &og (and a)so in other lower vertebrates, 
e.^., reptiles) there exist certain small vesicular lymph 
cavities, about an eighth of an inch in diameter, 
which show rhythmic pulsation ; they are called lymph 
hearts. On eadi side of the os coccygis and underneath 
the skin is a pulsating posterior lymph heart. The 
arUerior lymph heart is oval, and situated on each 
side between the processus transversus of the third 
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and fourth vertebra; it is slightly smaller than the 
posterior ona The lymph hearts have an efferent vesr- 
sel, which is a vein, and from them the venous system 




Fig. 56.— Developing Lymph-capillarieB in the Tail of T&dpole. 
a. Solid nndested protoplasmic branches not yet hollowed out. (Atlas.) 

of the neighbourhood can be easily injected, whereas 
the reverse is not possible. They are lined with an 
endothelium like the lymph sacs, and in their 
wall they possess plexuses of striped, branched, 
muscular fibres. The nerve fibres terminate in these 
striped muscular fibres in the same manner as in those 
of other localities. (Eanvier.) 
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120. Lymphatic vessels are developed and newly 
formed under normal and pathological conditions in 
precisely the same way as blood-vessels. The accom- 
panying woodcut (Fig. 56) shows this very welL We 
have also here to do with the hollowing out of (con- 
nective tissue) cells and their processes previously 
solid and protoplasmic. 



CHAPTER XII. 

SIMPLE I<TMPHATIC GULNDS. 

121. Under this name are to be considered the 
blood-glands of E[is, or the conglobate gland sub- 
stance of Henle, or the lymph follicles (Kolliker, 
Huxley, Luschka). The ground-substance of all 
lymphatic glands, simple as well as compound (see 
below), is the lymphatic or adenoid tisstie, also called 
cytogenous tissue. like all other gland-tissue, it 
is supplied with a rich network of capillaries 
derived from an afferent artery, and leading into 
efferent veins. 

122. The elements constituting this tissue are : — 
(a) TJie adenoid reticulum (Fig. 57), a network 

of fine homogeneous fibrils, with numerous plate-like 
enlargementa 

(6) Small, transparent, fiat, endotheloid cell-plates, 
each with an oval nucleus. These cell-plates are fixed 
on the reticulum, of which at first sight they seem 
to form part Their oval nucleus especially appears 
to belong to a nodal point — i,e,, to one of the 
enlargements of the reticulum ; but by continued 
shaking of a section of any lymphatic tissue, the oval 
nuclei and their cell-plates can be got rid of, so that only 
the reticulum is \eit, without any trace of a nucleus. 



Chup-xiio Simple Lymphatic Glands. 93 

(c) Lymph-corputetet completely fill the meBhee 
of the adenoid reticulum. "Hhesei can be easily 
ahakea out of the retioulom. They are of dif- 
ferent sizes ; 
some — the 
young ones — 
are am all cells, 
ivith a com- 
paratively 




^ 



others — the .'"r'^r^f 

ripeoaes — are ""tt^!? 0\ } 
larger, have a * i-fT^ J~^"^ 
distinct pro- •. '--l^TI.K 
toplaamic cell S'>'Q-J{^^' \ 
body, with one ' 
or two nuclei. 
They all show 
cm a warm 

Stacre ama&- ^^^' ^- — ^dc°oi'^ B^tloaliua nh^ken out ; mo«t of 
,^S the Lrmph-oorpnaolea Kte removad. From & 

DOia move- Ljmptntlo aiaad. 

ment, but in a.THerellcmuini capillKitHood-.n™*!. (AtUi.) 

the lai^ ones 

it is much more pronounced than in the small ones. 

The capillary blood-vessels supplying the adenoid 
tissue receive a more or less distinct special investment 
from t^e adenoid reticulum ; this is the capillary 
adventitia. 

123. The adenoid tissue occurs as : 

(1) Diffvjie adenoid tUme, without any definite 
grouping or arrangement. This is the case in the sub- 
epithelial layer of the mucous membrane of the trachea, 
in the mucous membrane of the false vocal cords and 
the ventricle of the larynx, in the posterior part of 
the epiglottis, in the soft pal&te and tonsils, at the 
root of the tongue, in the pharynx, in the mucosa 
of the small and large intestine, including the villi 
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of the former ; and ia tbe niucouB membrane <A the 
naaal cavity and vagina. 

(2) Corda, ctflviuiers, or patches of adenoid tissae ; 
as in the oraeatum and pleura, and in the sple^i 
(Malpighian corpuscles). 

(3) Lymph foUielea, i.e., oral or spherical masses 
more or leas well defined ; as in t^e tonsils, at the root 
of the tongue, in the upper part of the pharynx (pharynx- 
tonsil), in the atomach, small and lai^e intestane; in 
the nasal mucouB membrane, in the large and small 
bronchi ; and in the spleen (Malpighian CMpusclea). 

124. The tonsils (Fig. G8) are masses of Ijmph folli- 
cles and difiiiBe adenoid tissue covered with a thin muooas 
membrane, which penetrates iu the shape of longer or 
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sborter folds into the snbstanoe witliin. Numbers of 
xaucu&49ecreting glands situated outside the layer of 
lymph follicles discharge their secretion into the pits — 
the crypts — ^between the folds. The free surface oi. the 
tonsils and the crypts is covered or lined respectively 
"with the same stratified epithelium that lines the oral 
cavity. Numbers of lymph corpuscles constantly, in 
the perfectly normal condition, migrate thiough the 
epithelium on to the &ee suifaoe, and are mixed with 
th^ secreti<ms (mueus and saliva) of the oral cavity. 
The so-called mucous or salivary corpuscles of the 
saliva, taken &om the oral cavity, are such disdiarged 
lymph corpuscles. They become swollen up by the 
-water of the saliva, and assume a spherical shape, 
lliey finally disintegrate. 

Similar relations, only on a smaller scale, obtain 
at tile root of the tongue. 

The pharynx toneil of Luschka, occurring in the 
upper part of ihe pharynx, is in all essential respects 
the same as the peJatine tonsiL Owing to large parts 
of the mucous membrane of the upper portion of the 
pharynx being covered with ciliated columnar epithe- 
lium, some of the crypts in the {larynx tonsil are also 
lined with it. 

125. The lentieiilar glands of the stomach are 
single lymph follicles. 

The solitary glands of the small and especially 
the large intestine are single lymph follicles. 

Hie agfliinaied glands of the ileum are groups 
of lymph follicles. The mucous membrane containing 
them is much thickened by their presence, and repre- 
s^its a Peyer^s patch or a Peycr's ffland, 

126. In most instances the ce^Hlary blood-vessels 
form in the lymph follicles meshes, arranged in a more 
or less radiating manner from the periphery towards 
the centre ; around the periphery there is a network 
of small veins. A larger or smaller portion of the 
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circumference of the follicles of the tonsils, pharynx, 
intestine, bronchi, <fea, is surrounded by a lymph 
sinus leading into a lymphatic vessel. The lymphatic 
vessels and lymph sinuses in the neighbourhood of lym- 
phatic follicles or of diffuse adenoid tissue are almost 
always found to contain numerous lymph corpuscles, 
thus indicating that these are produced by the adenoid 
tissue and absorbed by the lymphatics. 

127. The Tbymas gland consists of a frame- 
work and the gland substanca The former is fibrous 
connective tissue arranged as an outer capsule, and 
in connection with it are septa and trabeculse passing 
into the gland and subdividing it into lobes and 
lobules, which latter are again subdivided into the 
follicles (Fig. 59a). The follicles are very irregular 
in shape, most of them beii« oblong or cylindrical 
streaks of adenoid tissue. Kear the capsule they are 
well defined from one another, and present a poly- 
gonal outline ; farther inwards they are more or less 
fused. Each shows a central transparent medulla 
and a peripheral less transparent cortex (Watney). 
At the places where two follicles are fused with one 
another the medulla of both is continuous. The matrix 
is adenoid reticulum, the fibres of the medullary part 
being coarser aad shorter, those of the cortical portion 
of tibie follicle finer and longer. The meshes of the 
of the reticulum in the cortical part of the follicles are 
filled with the same lymph-corpuscles as occur in the 
adenoid tissue of other organs, but in the medullary 
part they are fewer, and the meshes are more or less 
completely occupied by the enlarged but transparent 
endotheloid plates. These conditions cause the greater 
transparency of the medulla. In some places the 
endotheloid cells are granular, and include more than 
one nucleus ; some are even multinucleated giant cells. 

128. There occur in the medulla of the follicles, 
larger or smaller, more or less concentrically-arranged 
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DUcleBted protopknuic cells, which are the (xmem<rt« 
hodiei qf HaaaaU (Fig. 69b). They are met with al- 




Pi« ttL—Saatkm tluongb the Thymiia OUud ol a F<Etiu 

ready in the early stages of the life of the thymna, and 
cannot therefore be connected with the involotion of 
the gland, as maintained by Afanassief, according to 
whom the concentric cop- 
pnscles are formed in 
blood-veroelB which there- 
by become obliterated. 
According to Watney 
they are concerned in the 
formation of blood- vessels 
and connectiTe tissue. 

The lymphatics of the 
interfotlicular septa and trabeculte always contain 
numbers of lymph corpusoloB. The blood capillarieB 
of the follicles are more richly distributed in ih» 



F%. SSi.— Two Conoentric or BaM- 
sall'B CocpnaolM ot the Tbnaiuk 
FtBtUaUitd. 
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cortex than in the medulla, and they radiate from the 
periphery towards the central parts. 

129. After birth, the thymus gland commences to 
undergo degeneration, leading to the gradual dis- 
appearance of the greater portion of the gland, its 
place being taken by connectiye tissue and fat. But 
the time when the involution is completed varies 
within very broad limits. 

It is not unusual to find in individuals of fifteen 
to twenty years of age still an appreciable amount of 
thymus gland tissue. In some animals — e.^., guinea- 
pigs — ^the involution of the gland even in the adult has 
not made much progress. In the thymus of the dog 
Watney found cysts lined with ciliated epithelial cells. 



CHAPTER XIIL 

OOKFOUND LYMPHATIC GLANDS. 

130. The compound or true lymphatic glands are 
directly interpolated in the course of lymphatic vessels. 
Such are the mesenteric, portal, bronchial, splenic, 
sternal, cervical, cubital, popliteal, inguinal, lumbar, 
dsc., gland& Afferent lymphatic vessels anastomosing 
into a plexus open at one side (in the outer capsule^ 
into the lymphatic gland, and at the other (the hilum) 
emerge from it as a plexus of efferent lymphatic tubes. 

131. Each true lymphatic gland is enveloped in a 
fibrous capsule which is connected with the interior 
and the hilum by connective tissue ^o^ecte^ Bsadi septa. 
The trabeculse having advanced a certain distance, 
about one-third or one-fourth, in a manner more or 
less radiating towards the centre, branch into minor 
trabeculse, which in the middle part of the gland anasto- 
mose with one another so as to form a plexus with small 
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mesheE. Thus the peripheral third or fourth of the 
gland ia aubdivided bf the Bepta and tmbeciilffi, into 
relatively large spheriral or oblong compartments, while 
the middle portion is made up of relatively small cylin- 
drical or irregularly-shaped compartments (Fig. 60). 
The former region ia the carlex, the Utter the medulla of 
the gland. The compartments of the cortex anastomoee 
with one another and with those of the medulla, and 
these latter also form one intercommunicating system. 
The fibrous capsule, the septa and trabecule are 
the earners of the Taacular trunks the trabecule 
consist of fibrous connective tissue and of a certain 




amount of non-striped muscular tissue, which is con- 
spicuous in some animals — e.g., pig, calf, rabbit, 
guinea-pig — but is scarce in nuui. 

Sometimes coarsely granular connective tissue cells 
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(plasma cells) are present in cansidenble numbers in 
tie trabeoulw. 

132. The compartments contain masses of adenoid 
tissue, without bmng completely filled witii it ; those 
of the cortex contain oval or spherical masses — the 
hfmph follides of the cortex ; those of the medulla 
cylindrical or irregularly-shaped masses — (he medullary 
eylnrndera. The former anastomose with one another 
and with the latter, and the latter amongst them- 
selves, a condition easily understood ftatn.. what has 
been said above of the nature of the compartments 
containing these lymphatic Btractures. The follicles 

and medullary 
cylinders consist 
of adenoid tittue 
of exactly the 
same character as 
that described in 
the previous chap- 
ter. And this 
tiasae also con- 
tains the last rami- 
fications of the 
blood-vessels, i.e., 
the last branches 
of the arteries, a 
rich network of 
capillary blood- 
vessels, and the 
first or smaller 
branches of the 
veins. The 

capillaries and 
other vessels re- 
ceive also here 
1 adventitious envelope from the adenoid reticniam. 

133. The cortical follicles and the medullary 
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cylinders do not oompletoly fill out tie compartments 
m&de for them bj tie capsule and trabecule roGpec- 
tively, but a smtdl peripheral zone of each compart- 
ment is left &ee ; this is a hjiiiphaiie stntu. In the 
cmrtex it is spoken of as a cortical (Fig. 61), iu the 
medulla as a medullary, hfinph tinus (Fig, 62), Tie 




Fir 8S. From ■ BeoUoii thranglL tha Hednlla ot b Lymphmtio Qlud 
«. TnnritiDD of the nt^u itrj ryi nden of mdepoid t bbdb Into Cto4 wit ul 

fonner is a space between the outer surface of the 
cortical lymph follicle and the corresponding part of 
tie capsule or cortical septum, the latter between the 
surface of a medullary cylinder and the trabeculie. 
- From what has been said of the relation of the com- 
partmentB, it follows that the cortical and medullary 
lymph duoses form one mtercommnnicating system. 
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These are not empty free spaces, but are filled with a 
coarse reticulum of fibres, much coarser than the ade- 
noid reticulum ; to it are attached large transparent 
cell plates — endotheloid plates. In some instances (as 
in the calf) these cell-plates of the medullary sinuses 
contain brownish pigment granules, which give to the 
medulla of the gland a dark brown aspect. In the 
meshes of the reticulum of the sinuses are contained 
lymph corpuscles, the majority of which consist of a 
relatively large protoplasmic body, and one or two 
nuclei; they show lively amoeboid movement; a few 
small lymph corpuscles are also amongst them. 

The surface of the trabeculse facing the lymph 
sinuses is covered with a continuous layer of endothe- 
lium (von Becklinghausen), and a similar endothelial 
membrane, but not so complete, can be made out on 
the surface of the cortical follicles and the medullary 
cylinders. Tlie endotheloid plates, as applied to the 
reticulum of the sinuses, are stretched out, as it were, 
between the endothelial membrane covering the sur- 
face of the trabeculaa on the one hand and that 
covering the surface of the follicles and cylinders on 
the other. 

In the mesenteric gland of the pig the distribution 
of cortical follicles and medullary cylinders is almost 
the reverse from that of other glands or in other 

ft.niTnn.1g. 

134. The afferent lymphatic vessels having entered 
the outer capsule of the gland, and having formed 
there a dense plexus, open directly into the cortical 
lymph sinuses. The medullary lymph sinuses lead 
into lymphatic vessels, which leave the gland per 
hilum as the efferent vessels. 

Both afierent and efferent vessels are supplied 
with valves. 

135. The course of the lymph through a lymphatic 
gland is then simply this — from the afferent vessels, 
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situated in the capsule, into the cortical lymph sinuses, 
from these into the medullary sinuses, and from these 
into the efferent lymphatics. Owing to the presence 
of the reticulum in the sinuses the current of the 
lymph will proceed only very slowly and with diffi- 
cidty, as if it were passed through a spongy filter. 
Hence a large number of formed corpuscles, pigment, 
inflammatory or other elements, passing into the gland 
by the afferent vessels are easily arrested and de- 
posited in the sinuses, and there readily swallowed by 
the amoeboid corpuscles lying in the meshes. 

Passing a stream pi water through the gland, the 
contents of the meshes of the reticulum of the sinuses — 
i.e., the lymph corpuscles — are of course the first things 
washed out (von Kecklinghausen), and on continuing 
the stream some of the l3rmph corpuscles of the 
follicles and cylinders are also washed out. Hence it 
is probable also that by the normal stream of lymph 
passing through the gland, lymph corpuscles are 
drained, as it were, from the follicles and cylinders 
into the sinuse& The amoeboid movement of the l3rmph 
corpuscles, especially of the large and ripe ones, will 
greatly &cilitate their passage from the follicles and 
cylinders into the lymph sinuses. 



CHAPTER XIV. 

KERVE-FIBBES. 



136. The nerve-fibres conduct impulses to or from 
the tissues and organs on the one hand, and the nerve- 
centres on the other, and accordingly we have to con- 
sider in each nerve-fibre the peripheral and central 
termination and the conducting part. The latter, i.6., 
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the nerve-fibrea proper, in the cerebro-spinal nerreB are 
gronped into bundles, tind these again into anatomical 
nerve-bmnchea and aerve-trunks. Each anatomical 
cerebro-apinal nerve consists, therefore, of bvndles of 
nerve-fibres (Fig. 63). The general matrix b; which 
these bundles are held together is fi.brous connective 
tiasae called the Bpineurium (Key and Retziue) ; this 
epineuriuia is the carrier of the lai^er and smaller 
biood'Tcssels with which the nerve-trunk is supplied, 
of a plexus of lymphatics, of groups of fat^ells, and 
sometimes of numerous plasma cells. 

137. The nerve-buTidUg (Fig. 6^) are of Tarioussizes, 
according to the number and size of the nerve-fibrea they 
oontain. They are well-defined by a sheath of their 




arranged in lamellfB, every two lameUs being separated 
from one another by smaller or larger lymph spaces, 
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'vhicli form an interoommunicating Efystem, and 
anastomose with the lymphatics of the epineurium 
"whenoe they can be injected. Between the lamell», 
and in the spaces, are situated flattened endotheloid 
connective tissue corpuscles. 

The nerve-bundles are either single or compound. 
In the former the nerve-iibres contained in a bundle 
are not sub-divided into groups, in the latter the 
bundles are sub-divided by thicker and thinner septa 
of fibrous connective tissue connected with the peri- 
neurium. When a nerve-bundle divides — as when a 
trunk repeatedly branches, or when it enters on its peri- 
pheral distribution — each branch of the bundle receives 
a continuation of the lamellar perineuriimi. The more 
branches the perineurium has to supply, the more re- 
duced it becomes in thickness. In some of these minute 
branches the perineurium is reduced to a single layer 
of endothelial cells. When one of these small bundles 
breaks up into the single nerve-fibres, or into small 
groups of them, each of these has also a continuation 
of the fibrous tissue of the perineuriunL In some 
places this perineural continuation is only a very 
delicate endothelial membrane, at others it is of 
considerable thickness, and still shows the laminated 
nature. Such thick sheaths of single nerve-fibres, 
or of small groups of them, represent what is called 
HefnJ^s shecUh, 

138. The nerve-fibres are held together within the 
bundle by connective tissue, called the Endonemiwm 
(Fig. 64). This is a homogeneous ground substance in 
which are embedded fine bundles of fibrous connective 
tissue, and connective tissue corpuscles, and capillary 
blood-vessels arranged so as to form a network with 
elongated meshes. Between the perineurium and the 
nerve-fibres are found here and there lymph spaces; 
similar spaces separate the individual nerve-fibres, and 
have been injected by Key and Ketzius. 
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When nerve trunks aDaatomose so as to form a 
plexus— e g in the brachial or sacral plexus — there 
occurs an exchange and re-arrangement dE nerre- 
bundlea in the branches. A Bimilar conditioa obtains 
in the ganglia of the cerebro-spmal nerves. Nerva- 




tninks and nerve-branches passing through a lymph 
cavity, such as the subdural spaces, or the sub- 
cutaneous lymph sacs, or the cistema lymphatica 
magna in the frog, receive from the serous membrane 
an outer endothelial covering. 

139. The nerve-fibrea in the nerve-bundles of the 
cerebro-Bpinal nerves, with the exception of the 
olfactory nerve, are medullated rwmt-Jlhret. These are 
doubly or darkly contoured smooth cylindrical fibres, 
varying in diameter between ^sW **^ tsJutt °^ *° 
inch. Within the same bundle of a nerve — e.g., of 
the brachial or sacral plexus— tliere occur fibres which 
are several times thicker than others, and it is pro- 
bable that they are derived from different sources. 
Schwalbe has shown that the thickness of the nerve- 



Chap. XIV.] Nerve-fibres, joy 

fibre stands in a certain relation to the distance of its 
periphery from the nerve-centre and to functional 
activity. 

A medullated nerve-fibre in the fresh condition 
is a bright glistening cylinder, showing a dark 
double contour. Either spontaneously after death, 
or after re-agents — as water, salt solution, dilute 
acids — or after pressure and mechanical injury, the 
outline of the nerve-fibre becomes irregular ; smaller, 
or larger, glistening dark-bordered droplets and masses 
appear and gradually become detached. These 
droplets and masses are derived from the fatty sub- 
stance constituting the medullary sheath or white 
substance of Schwann (see below). When a nerve- 
fibre within the bundle undergoes degeneration during 
life, either after section of the nerve or after other 
pathological changes, or in the natural course of its 
existence (S. Mayer), the medullary sheath breaks up 
into similar smaller or larger globules or particles, 
which gradually become absorbed. 

140. £ach medullated nerve-fibre (Figs. 64a, 66) 
consists of the following parts : (a) the central aasM 
cylinder. This is the essential part of the fibre, and is 
a cylindrical or bandlike, pale, transparent structure, 
which in certain localities (near the terminal distribu- 
tion, in the olfactory nerves, in the central nervous 
system), and especially after certain re-agents, shows 
itself composed of very fine homogeneous or more or 
less beaded fibrillse — the elememtary or primitive JibriUcB 
(Max Schultze) — ^held together by a small amount of a 
faintly granular interstitial substance. The longitu- 
dinal Btriation of the axis cylinder is due to its being 
composed of primitive fibrillse. The thickness of the 
axis cylinder is in direct proportion to the thickness 
of the whole nerve-fibre. The axis cylinder is said 
to be enveloped in its own hyaline more or less elastic 
sheathf composed of neurokeratin. 
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141. (6) The meduUaiy skeaA or white Bubstance 
of SclLwtuia, abo called the medulla of the aerre-fibre. 
This is a glisteniitg bright i&ttj substance surrounding 
ihe axis cylinder, as an insulating hollow cylinder 
aurronnda an electric wire. The medullary sheatih 
gives to the nerve-fibre ita double or dark contour. 
Between the axis cylinder and the medullaiy sheath 
Uiere is a small amount of albuminous fluid 
which appears greatly increased 
when the former, owing to shrink- 
ing, BtandB farther apart from the 
latter. 

142. (c) The aheaih of Schwann, 
or the newriiemma, surrounds closely 
the medullary sheath, and forms 
the outer boundary of the nerre- 
fibre. It is a hyaline delicate 
membrane. From place to place 
there is present between the neuri- 
lemma and the medollary sheath, and 
situated in a depression of the latter, 
an oblong nucleus, surrounded by a 
thin zone of protoplasm. These 
nucleated corpuscles are the nerve 
eorpuictea (Fig. 64a), and are analo- 
gous to the muscle corpuscles, situated 
between the sarcolemma and the 
striated muscular substance. Tbey 
are not nearly so numerous as the 
muscle corpuscles. 

143. The neuiilenuna produces 
at certain definite intervals annular 

constrictions, the nodes or amtlrictions ofRammw (Figs. 
64a, 65, 66),and at these nodeeof Kanvier the mednllwy 
sheath, but not the axis cylinder and its special sheath, 
suffers a discontinuity and sharply terminates. The 
portion of the nerve-fibre situated between two nodes ia 




"'fib^ei;^ 
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Bection is again made up of 
a large number of rod-like 
Btnictures (Fig. 67) pkced 
vertically on the axis cylin- 



These rods are, how- 
ever, connected into a net- 
work. The network itself 
is very likely the neuro- 
keratin of Ewald and Kilhne, 
whereas the interstitial sub- 
stance of the network is 
probably the fatty sub- 
stance leaving the nerve- 
fibre in the shape of droplets 
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wben pressure or reagents are applied to the fresh 
nerve-fibre. 

144. Medullated nerve-fibres wiihoul any nettri- 
lemma,taid consequently without any nodes of Banvier, 
with a thick more or less distinctly laminated medul- 
iary Eheath, form the 



l-^ 




wlute substance of the 
brain and spinal cord. 
In these organs, in the 
hardened and fresh state, 
nnmerons nerve - fibres 
may be noticed, which 
show more or less regu- 
lar varicosities, owing to 
local accumulations of 
fluid between the axis 
cylinder and medullary 
sheath. These are called 



They occur also in the 

branches of the sympa- 
thetic nerve. 

The nerve-fibres of 

the optic and acouttic 

re medullated, 

but without any neuri- 

^^i^S^^^^Ji^iSkmI Isi'ii'*; varicose fibres 

1 ai^^^afff^iimt}?_aibMUi are common in them. 

145. Medullated 
nerve-fibres occasionally 
in their course divide into two medullated fibres. Such 
division is very common in medullated nerve-fibres 
supplying striped muscular fibres, especially at or near 
thepointof entrance into the niu8cularfibre8(seebelow). 
But also in other localities division of nerve-fibres 
may be met with. The electric nerve of the electric 
fishee (malapteruruB, gymnotus, silurus, etc., elec- 



Fig. 87.— IbdnllBtad N«rT»JbT«. 
i, B. MoiriBc on ■ n itHs Tin 
rennlatad BMan el Ilia medt 
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tricus) shows such divisions to an extraordinary degree, 
one huge nerve-fibre dividing at once into a bundle of 
minor fibres. Division of a medullated fibre takes 
place generally at a node of Ranvier. The branches 
taken together are generally thicker than the un- 
divided part of the fibre, but in structure they are iden- 
tical with the latter. 

146. When medullated nerve-fibres approach their 
peripheral termination, they change sooner or later, in 
so far as their medullary sheath suddenly ceases ; and 
now we have a wyri-meduUated^ or Remakes nerve- 
fibre. Each of these consists of an axis cylinder, a 
neurilemma, and between the two a nucleated nerve 
corpuscle from place to place. Non -medullated nerve- 
fibres always show the fibrillar nature of their 
axis cylinder. The olfactory nerve-branches are 
entirely made up of non-medullated nerve-fibres. In 
the branches of the sympathetic most fibres are non- 
medullated. 

The non-medullated fibres undergo always repeated 
divisions. They form pleixuaea, large fibres branching 
into smaller ones, and these again joining (Fig. 68). 
Grenerally at the nodal points of these plexuses there are 
triangular nuclei, indicating the corpuscles of the 
neurilemma. 

147. Finally the non-medullated nerve-fibres lose 
their neurilemma, and then we have simple axis 
cylinders. These branch and ultimately break up 
into the constituent primitive nerve-fibriUoe, which 
occasionally show regular varicosities (Fig. 69). 
Of course, of a neurilemma or the nuclei of the 
nerve corpuscles there is nothing left These 
primitive fibrillse branch and anastomose with one 
another, and thus form a networh The density 
of this network depends on the number of primitive 
fibrils and the richness of their branching. These 
primitive fibrils and their networks represent the 
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peripheral terminationy and this mode of termination 
occurs in the nerve-fibres of common sensation, as in 
many of the nerve-fibres of the skin, cornea, and 




Fig. 68.— FleztiB of Pine Non-mednllated Nerre-flbreB of the Cornea. 

a, A tliiek non-mednllated nenre-flbre : b, a line one ; cd, elementanr fliirfla. 

anastomosing into a network. 

mucous membranes. In all these cases the peripheral 
termination, t.e., the primitive fibrils and their net* 
works are found intra-epithelial (Fig. 70), i,e. situated 
in the stratum Malphigii of the epidermis, in the epithe- 
lial parts of the hair follicle, in the anterior epithelium 
of liie oomea^ and in the epithelium of the mucous 
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membranes. The primitive nerve-fibrils lie in the 
interstitial substance between the epithelial oeUs, as 




Fig. 09.— Nerve-flbreB of the Cornea. 

•, An axil cylinder aplittinjr np into Ita constituent primitlre flbrllUe near the 
anterior epitheunm of the cornea ; h, primitive flbrlllaB. 



intra-epithelial networks and as primitive fibrils which 
appear to terminate with free ends. 

148. Tracing then a nerve-fibre, say one of common 
sensation, from the periphery towards the centre, we 
have isolated prifMiwe fibrils or networks of them ; 
I 
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tfaey form by association funple axis cylinders, which 
vary in thickness according to the number of their 
constituent primitive fibrila These simple axis cylin- 



^.^ 




ders form plexuses. By association they make larger 
axis cylinders, and these becoming invested with a 
neurilemma, and with the nuclei of nerve corpuscles, 
form nortrmeduUated nerve-^ret. These also form 
plexuses. A medullary sheath makes its appearance 
between the neurilemma and the axis (^Under, and 
thus formis a meduUaUd nerve-JHire. 
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CHAPTER XV. 

PERIPHERAL NERVE-ENDINGS. 

149. In the preceding chapter the termination of 
the nerves of common sensation, as isolated primitive 
fibrillse, and as networks of these, has been described 
in the epithelium of the skiQ and mucous mem- 
branes, and in the anterior epithelium of the cornea. 
Besides these there are other special terminal organs 
of sensory nerves, probably concerned in the per- 
ception of some special quality or quantity of sensory 
impulses. They are all connected with a medullated 
nerve-fibre, and are situated, not in the epithelium 
of the surface, but in the tissue, at greater or 
lesser depth. Such are the Pacinian corpuscles, the 
Herbst corpuscles, the end-bulbs of Krause in the 
tongue and conjunctiva, the genital end-corpuscles or 
end-bulbs in the external genital organs, the corpuscles 
of Meissner, or tactile corpuscles, in the papillae of 
the skin of the volar side of the fingers, the touch-cells 
of Merkel in the beak and tongue of duck, &c. 

loO. The Facinian corpuscles. — These are 
also caUed Vater's corpuscles. They occur in large 
numbers on the subcutaneous nerve-fibres of the palm 
of the hand and foot of man, in the mesentery of the 
cat^ along the tibia of the rabbit, on the genital organs 
of man (corpora cavernosa, prostate). Each corpuscle 
is oval, more or less pointed, and in some places 
easily perceptible to the unaided eye (pahn of 
the human hand, mesentery of the cat), the largest 
being about ^th of an inch long and -^th of an inch 
broad; in other places they are of microscopic size 
only. Eaqh possesses a ataUc^ to which it is attached, 



ii6 Elements of Histology. [C(i»p. XV. 

and which is a single ejvrent medullated nerve-fbrn 
(Fig. 71), differing from an ordinary meduUated nerve- 
fibre merely in tlie fact that outside the nenritemma of 
the nerre-fihre there is 
present a thick laminated 
connective tissue sheath, 
Mhich IB the sheath ot 
Henle — continuous with 
the perineural sheath of 
the nerve branch with 
..,„,,, ,,..„,, ,, I which the nerve-fibre IS 111 

OHIIiMMjI'I I' I connection This medul 

iat«d nerve-fibre withm its 
sheath poBsesses geDerally 
a very wavy outline The 
corpuscle itself is com 
posed of a large number of 
lamellie, or capsules more 
or less concentrically ar 
ranged around a central 
elongated or eyhndneal 
cltof space This apace 
contains m its axis from 
the proximal end i« the 
one nearest to the stalk, to 
near the opposite or distal 
end, a continuation of tlie nerve-fihre in the shape of a 
simple axis cylinder. Bnt this axis cylinder does not 
fill out the central space, since there is, all round the 
&iiitl7 and longitudinally striated axis cylinder, a good 
deal of space left Glled with a transparent substance, in 
which, in some instances, rows of sphericiil nuclei may 
be perceived along the margin of the axis cylinder. 
At or near the distal end of the central space tlie 
euat cylinder divides in ttoo or TTiore braricheg, and 
these terminate in pear-shaped, oblong spherical, or 
inr^ularlyHBhaped granular-looking enlargementa. 




Tif 71 —A FtMinJui Coi 
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151. The concentric capatblea forming ,the corpuscle 
itself are disposed in a diflferent manner at the periphery 
and near the central space from that in which they 
are disposed in the middle parts, viz., in the former 
localities they are much closer together, being thinner 
than in the latter. On looking, therefore, at a 
Pacinian corpuscle in its longitudinal axis, or in cross 
section, we always notice the striation (indicating the 
capsules) to be closer in the former than in the latter 
places. Each capsule consists of — (a) a hyaline, pro- 
bably elastic, ground svbstanoey in which are embedded 
here and there (6) fine bundles of connective tissue 
fibres; (c) on the inner surface of each capsule, t.e., 
the one directed to the central axis of the Pacinian 
corpuscle, is a single layer of nudeaied endothelial 
plates. The oblong nuclei visible on the capsules at 
ordinary inspection are the nuclei of these endothelial 
plates. There is no fluid between the capsules, but 
these are in contact with one another (Huxley). 
Neighbouring capsules are occasionally connected with 
one another by thin fibres. 

152. In order to reach the central space of the 
corpuscle, the medullated nerve-fibre has to perforate 
the capsule at one pole; thus a canal is formed 
in which is situated the medullated nerve-fibre, 
and as such, and in a very wavy condition, it reaches 
the proximal end of the central space. This 
part of the nerve-fibre may be called the interme- 
diary part. The lamellae of the sheath of Henle 
pass directly into the peripheral capsules of the 
corpuscle. 

Immediately before entering the central space, the 
nerve-fibre divests itself of all parts except the axis 
cylinder, which, as stated above, passes into the central 
space of the Pacinian corpuscle. In some casps a 
minute artery enters the corpuscle at the pole, opposite 
to the one for the nerve-fibre; it penetrates the 
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petipher&l capsiiles, and supplies them with a few 

capillary veeselii. 

153. TliQ corpii8de§ or Herbat are Bimilar to 

the Pacinian corpuscles, witli this difference, that they 

are Binaller and more elongated, that the axis cylinder 
of the central space is bordered by 
a continuous row of nuclei, and 
that the capaulea are thinner and 
more closely placed (Fig. 72). 
This applies especially to those 
near the central space, and here 
between these central capsules we 
miss the nuclei indicating the en- 
dothelial plates. Such is the nature 
of Herbst s corpuscles in the mucous 
membrane of the tongue of the 
duck and to a certain degree also 
in those of tlie rabbit, and in 
tendons. 

154 The tactUe corpus- 
cles, or corpascles of Kleiss- 
ner occur in tbe'papill» of the 
^ conum of the volar side of the 

a t) fingers and toes in man and ape ; 

Fte 78 - A HerlMt b t^ey are oblong, straight, or 
OorpMoiB fiiim the gliirhtly folded In man they are 

Tongne of Dnok. v ^ i i i c "Li 

-. The iBMiiii.i«i MTve- ^""'t yi^ to ^ of an inch long, 

Obn>cnnw«j. gj,J ,^^ -t^j _^^ of nn ijipl, 

broad. They are connected 
with a mednllated nerve fibre— generally one, occa- 
sionally, but rarely, two — with a sheath of Henle. 
The nerve-fibre enters the corpuscle, but usually 
before doing so it winds round the corpuscle as a 
medullated fibre once or twice or oftener, and its 
•denle's sheath becomes fused with the fibrous capsule 
Dr sbeath of the tactile corpuscle. The nerve-fibre 
ultimately loses its medullary sbeath and penetrates 



1 1'. 
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into the interior of the corpuBcIe, There the axis 
cylinder branches ; its branches re- 
tain a coiled course all along the ^^~-~r~.. 
tactile corpuscle (Fig. 73), anastomose 
vith one another, and terminate in 
slight enlargements, pear-Eh^>ed or ' 
cylindrical. These enlargements, ac- 
cording to Merkel, are touch cells. 
The matrix, or main part of the ' 
tactile corpuscle consbts, besides the 
fibrous sheath wil^ nuclei and numer- 
ous elastic fibres, of fine bundles of 
connective tissue, and of a number 
of nncleated small cells. t 

155 The end -bulbs of 
Kranse — Tlese occur m the con- 
junctiva of calf and man and are vxiaW ibr^nv^ 
oblong or cylmdncal mmuto corpns- wrnuDmisg.)" 
cles situated m the deeper layers of 

the conjunctiva, 
near the corneal 
margin. A medul- 
latod nerve - fibre, 
with Henle's sheath, 
entors the coipnscle 
(Fig. 74). Thi. 
possesses a nu- 
cleated capsule, and 
is a more or less 
laminated (in man 
more granular- 
looking) structure, 
numerous aiuclei be- 
ing scattered be- 
tween the lamine. 
Of the nerve-fibre, 
as a rule, only the 
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axis cylinder is prolonged into tke interior of the 
corpuscle. Occasionally the meduUated nerve-fibre 
passes, as such, into the corpascle, being at the 
same time more or leas convoluted. Having passed 
to near the distal extremity, it branches, and termi- 
nates with small enlargements (Krause, Longworth, 
Merkel, Key and Hetzius). 

The BTidiulbg in tke geniud orgaTia, or the genital 
corpUKles of Krauae, are similar in structure to the 
simple end-bulbs. They occur in the tissue of the 
cutis and mucous membrane of the penis, clitoris, and 
vagina. 

I£j6. The corpuscles of Orandir or touch- 
eorpuaclea i^ Merkel, in the tissue of the papillre in the 
beak and toi^e of birds, are oval or spherical cor- 
pnscles of minute size, possessed of a very delicate 




nucleated membrane as a capsule, and consisting of a. 
series (two, three, four, or more) of large, slightly- 
fiattened, granular-looking, transparent cells, each with 
a spherical nucleus, and arranged in a vertical row (Fig. 
75). A meduUated nerve-fibre enters the corpuscle from 
one side, and losing its medullary sheath, the axis cy- 
linder branches, and its branchleta terminate, according 
to some (Merkel, Henle), in the cells of the corpuscle 
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(touch-cells of Merkel) ; according to others (Key and 
Retzius, Ranvier, Hesse, Izquierdo), in the trans- 
parent substance between the touch-cells, thus form- 
ing the * disc tactil ' of Ranvier or the Tastplatte of 
Hesse. Neither theory seems to me to answer to the 
facts of the case, since I find that the branchlets of 
the axis cylinder terminate, not in the touch-cells, nor 
as the disc tactil, but with minute swellings in the 
interstitial substance between the touch-cells, in a 
manner very similar to what is the case in the con- 
junctival end bulba According to Merkel, single or 
small groups of touch-cells occur in the tissue of the 
.papillae, and also in the epithelium, in the skin of 
man and mammals. 

157. In articulations — e.^., the knee-joint of the 
rabbit — ^Nicoladoni described numerous nerve branches, 
from which fine nerve-fibres are given off. Some of 
these terminate in a network, others on blood-vessels, 
and a third group enter Pacinian corpuscles. Krause 
described in the synovial membranes of the joints of 
the human fingers meduUated nerve-fibres which end 
in peculiar tactile corpuscles, called by him " articula- 
tion-nerve corpuscles.'' 

158. The nerve branches supplying^ non- 
striped muscular tissue are derived from the 
sympathetic syistem. They are composed of non- 
medullated ' fibres, and the branches are invested in 
an endothelial sheath, — ^perineurium. The branches 
divide into single or small groups of axis cylinders, 
which reunite into a plexus — ^the ground pleocu^ of 
Arnold. Small fibres coming off from the plexus 
supply the individual bundles of non-striped muscle 
cells, and they form a plexus called the intermediary 
plexus (Fig. 76). The fibres joining this plexus are 
smaller or larger bundles of primitive fibrillss; in 
the nodes — i,e,, the points, of meeting of these fibres 
axe found angular nuclei From the intermediary 
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plexus pass off isolated or small groups of primitive 
fibrills, which pursue their course in the interstitial 





aubstanoe be- 
tween the 
muscle cells; 
these are the 
inteTmuteula/f 
fbnh (Fig. 76a). 
According to 
F r an k e n hafiser 
and Arnold, 
they give off 
finer fibrils, 
ending in the 



iclei 



(o. 



nucleolus). Ac- 
cording to 
Elischer, the 

primitive fibrila 
terminate on the 
surface of the 
nucleus with a 
minute swelling. 
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In many localities there are isolated ganglion, cells 
in connection with the iatermuscular fibres. 

159, The nerves <A blood-vesBcIs are derived 
from the Bympathetic, and they terminate in arteries 
and veins in essentially the same way as in non- 
striped muscular tissue, being chiefly present in those 




parts (meiiia) vhich contain the nonnitriped muscular 
tissae. But there are also fine non-^nedullated nerve 
fibres, which accompany capUlaiy vessels — capillary 
arteries and capillary veins^and in some places they 
giveoff elementary fibrils, which form a network around 
the vessel (Kg. 77). In some localities the vascular 
nerve branches are provided with small groups of 
ganglion celts. 

160. In Striped iDDScle of man and mammals, 
reptiles, and insects, the termination of nerve fibres 
takes place, acoording to the commonly accepted view 
i& Ki^e, in the following manner : — A medullat«d 
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nerve-fibre, generally derived from one that has 
divided, enters at Eilmost a right angle a striped 
muaoular fibre, the neurilemma becoming fused witli 




striped 
thenar 



Tig. 78.— From B Prejaralion o 
fehowlnf tlia t«nzilnatioa r 
a preparation of Mr, A^ Liu^fsm-j 
9, Tbe nerve pndplue vfntraya tbe >TOBd ride: b, ibe Kunff speii fttim the 
DBTrnw Bide, Sub endplur iA & Of tworic CODnertpd nith tbe nli nrlloder 
D( amedsliued netre-BSre. ud uDUIui Dumnvne noolel at virioiii fii» 

the sarcolemma, and the nerve-fibre, either at the 
point of entrance or soon after loses ite medullary 
sheath, so that only the axis cylinder passes on. 
This latter divides simultaneously into a number of 
smaller fibres, which soon break up into a network of 
fine fibrils, this ultimnte network being enibedded in a 
more or less granular-looking plate, provided with 
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a number of oblongnnclei (Fig. 78). The whole struo- 
ture represents the nerve ead^lait. When the muscular 
fibre contracts, this endplate natumlly assumes the 
shape of a prominence — DoySre's nerve-mount Each 
muscular fibre has at least one ner\e endplate, but 
occasionally has several in near proximity An 
endplate is generally supplied by one, sometimes, 
however, by two, nerve-libres The contraction 
wave generally starts from the endplata In 
Batraclua the nerve-fibre does not, aa a rule, termi- 
nate in the shape of a granular endplate, but 
having penetrated the sarcolemma ramifies into 
several axis cylinders, each of which again branches , 
all branches have a more or less longitudinal 
direction, and are provided, eithnr t^rmmally or m 




their course^ with oblong nuclei. Amdt has 
shown that both kinds of terminations occur in 
Batrachia. These two sorts of nerve ending^ lie 
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ondemeath the sarcolemma and on the Burface of the 
muscular aubatanoe proper. But besides this intra- 
mnaoulartenniiiation, there is a plexus of nerve-fibres, 
which is sitaat«d outside the sarcolemma — «.«., inter- 
muscular ; this 



Krause, and 

others. Amdt 

considers these in- 

" termuKular fibres 



are supplied with 
special nerve end- 
ings, studied by 
Sachs, Bollett, 
Gempt, Bauber, 
and particularly 
Golgi, whose work 
on this subject is very minate. These terminations are 
especially nnmerona near the muscular insertion. They 





Hvrbit't corpuicle. CGolg^- 



are of the following kinds : — (a) A medullated nerve 
fibre branches repeatedly, and the axis cylinder breaks 
up into a small plate composed of a network of fine 
primitive nerve-fibrils (Pig. 79). (i) This network it 
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occasionally embedded in a granular-looking material, 
and thereby a similar organ as the nerve endplate of 
muscular fibres is produced (Fig. 80). (c) A medul- 
lated nerve-iibre terminates in an end-bulb (Fig. 81)^ 
similar to those of the conjunctiva, or of a Herbst's 
corpuscle. 



CHAPTER XVI. 

THE SPINAL CORD. 

162. The spinal cord is enveloped in three distinct 
membranes. The outermost one is the dura mater. 
This is composed of more or less distinct lamellse of 
fibrous connective tissue with the flattened connective 
tissue cells and networks of elastic fibres. The outer 
and inner surface of the dura mater is covered with 
a layer of endothelial plates. 

163. Next to the dura mater is the arachnoid 
membrane. This also consists of bundles of fibrous 
connective tissue. The outer surface is smooth and 
covered with an endothelial membrane facing the 
space existing between it and the inner surface of the 
dura mater ; this space is the sub-dural lymph space. 
The inner surface of the arachnoidea is a fenestrated 
membrane of trabeculse of fibrous connective tissue, 
covered on its free surface — t.e., the one facing the 
sub-arachnoidal lymph space — with an endothelium. 

164. The innermost membrane is the pia mater. 
Its matrix is fibrous connective tissue, and it is lined 
on both surfaces with an endothelial membrane. 
Between the arachnoid and pia mater extends, from 
the fenestrated portion of the former, a spongy plexus 
of trabecule of fibrous tissue, the sui^aces of the 
trabeculse being covered with endothelium. By this 
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spongy tissue — the suh-a/rachnoidal tisstie (Key and f 
Ketzius) — ^the sub-arachnoidal space is subdivided into 
a labyrinth of lacunso. On each side of the cord, 
between the anterior and posterior nerve roots, 
extends a spongy fibrous tissue, called ligamentv/m 
denticulatum, between the arachnoidea and pia. 
By it the sub-arachnoidal space is subdivided into 
an anterior and posterior divi^on. 

165. The sub-dural and sub-arachnoidaJ spaces do 
not communicate with one another. (Luschka, Key 
and Eetzius.) 

The dura mater, as well as the arachnoidea, sends 
prolongations on to the nerve roots; and the sub- 
dural and sub-arachnoidal spaces are continued into 
lymphatics of the peripheral nerves. 

All three membranes contain their own system of 
blood-vessels and nerve-fibres. 

166. The cord itself (Fig. 82) consists t>f an outer 
or cortical part composed of medullated nerve-fibres ; 
this is the white matter,. 9.nd an inner core of grey 
matter. On a transverse section through the cord 
the contrast of colour between the white mantle and 
the grey core is very conspicuous. The relation 
between the white and grey matter differs in diffe- 
rent parts; it gradually increases in favour of the 
former as we ascend from the lumbar to the upper 
cervical portion. The grey matter presents in every 
transverse section through the cord more or less the 
shape of a capital H; the projections being the 
anterior and posterior horns or comua of grey 
matter, and tlie transverse stroke being the grey 
convmisswre. In the centre of this grey commissure 
is a cylindrical canal lined with a layer of columnar 
epithelial cells; this is the central canal; the part 
of the grey commissure in front of this canal is 
tlie anterior^ the rest the posterior^ grey commissure. 
The shape of the whole figure of the grey matter 
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differs in the different regions and thia difference 
ie chiefly brought about by the length and thickness 
of the grey commissure In a Bection through the 
cervical region the grey comnuasare is thick &ad 
short; m the dorsal rt^on it becomes thinner and 




longer ; and in the lumbal- region it is comparatively 
very thin and long. Besides this, of course the relative 
proportions of grey and white matter, as mentioned 
before, indicate the region from which the particular 
part of the cord has been obtained. In the lower 
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cervical and lumbar region where the nerves of the 
brachial and sacral plexus respectively join the cord^ 
this latter possesses a swellbig, and the grey matter 
is there increased in amount, the swelling being in 
fact due to an accumulation of grey matter, in which 
an additional number of nerve-£bres originates ; but 
the general shape of the grey matter is there retained. 

167. The comua of the grey matter are generally 
thicker near the grey commissure; they become thinned 
out into anterior and posterior edges respectively, 
which are so placed that they point towards the 
antero-lateral^ and postero-lateral fissures. The an- 
terior horns are generally thicker and shorter than 
the posterior ones, and, therefore, the latter reach 
nearer to the suf ace than the former. 

168. The white matter is composed chiefly of 
meduUated nerve fibres running a longitudinal coursa 
They are arranged into columns, (me anterioTf one 
lateral, and one posterior colwmn for each lateral 
half of the cord ; the two halves being indicated by 
the anterior and posterior median longitudinal 
fisswre. The anterior median fissure is a real fissure 
extending in a vertical direction from the surface of 
the cord to near the anterior grey commissure. It 
contains a prolongation of the pia mater and in it 
large vascular trunks. The posterior fissure is not 
in reality a space, but is filled up by neuroglia. It 
extends as a continuous mass of neuroglia in a vertical 
direction from the posterior surface of the cord to the 
posterior grey commissure. The exit of the anterior 
or motor nerve roots, and the entrance of the posterior 
or sensitive nerve roots are indicated by the ami&ri(yr 
lateral and posterior lateral fissures respectively. 
These are not real fissures in the same sense as the 
anterior median fissure, but correspond more to the 
posterior median fissure, being in reality filled up with 
neuroglia tissue, into which extends a continuation 
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from tihe pia mater iritli large vascular trunks. The 
white matter between the anterior median' and ante- 
rior lateral fiuure is the anterior column, that betveea 
the anterior lateral and posterior lateral fisiure iB the 
lateral column, and that between the poeterior lateral 
and posterior median fissure is the posterior column. 
169. Besides the septa situated in the two lateral 




fisBnres respectively, there are other smaller septa, 
neuroglia tiaaue and prolongations of the pia mater, 
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which pass in a vertical and radiating direction into 
the white matter of the columns, and they are thus 
subdivided into a number of smaller portions; one 
such big septum is sometimes found corresponding to 
the middle of the circumference of one half of the 
cord. This is the median lateral fissure, and the 
lateral column is subdivided by it into an anterior 
and posterior division. 

Similarly^ the anterior and posterior columns 
may be subdivided into a median and lateral division 
(Fig. 83). 

170. Some of these various subdivisions bear 
definite names (Tiirk, Charcot, Flechsig) : — 

(a) The median division of the anterior column is 
called the direct or uncrossed pyramidal fasciculus, 
being a continuation of that part of the anterior 
pyramidal tract of the medulla oblongata (see below) 
that does not decussate. . 

(6) The anterior division of the lateral column is 
called the anterior radicular zona 

(c) The direct cerebellar fasciculus corresponds to 
the peripheral portion of the postero-lateral column ; 
it is a direct continuation of the white matter of the 
cerebellum. 

(d) The posterior division of the lateral column 
inside the cerebellar fasciculus is called the fasciculus 
of Tiirk, or the crossed portion of the pyramidal fasci- 
culus, it being a continuation of the decussated part of 
ijie anterior pyramidal tract of the medulla oblongata. 

(e) The lateral division of the posterior column, 
with the exception of a small peripheral zone, is the 
cuneiform or cuneate fasciculus, or posterior radicular 

zona 

(/) The median division of the posterior column is 
called the feusciculus of GolL 

This part is connected directly with the median 
bundle of the posterior nerve roots. i^See below.) 
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These Tarioua divisiona oaa be traeed from the 
medallata oblongata into the cervical, and a greater 
or smaller portion of the dorsal part of the cord, bnt 
farther down most of them are lost as separate tracts, 
except tiie fitsoiculus of Tiirk. 

171. The gronnd substance (Fig. 84) of both 
the Thite and grey matter — i.e., the substance in 
which nerve fibres, 

nerve cells and b ood 
veesdls are embedded — 
is a peculiar kind of con 
nective tissue, which 
is called by V rchow 
newTOghft and by Ktf 
liker sapporting tissue 
It consisto of three d f 
ferent k nda of ele- 
ments ; (a) a homOBe- Fig 8*. Prom Tra bv rge 8 oti n 
. ^ ' , hr (rh mofl ph r»l P rt of 

neons transpa -ent sem i, iftdte m tte f h c ra 

fluid vnatnx wh h n i« jie n 

hardened sections ap- """ i! i«i e-n d 
pears more or less gran- ttpS. "(1ii»b.') "" "" ^ '" ° 
uiar; (6) a network of 

very delicate fibrils^ — neuroglia fibrilit — -which are 
similar in some respects, but not quite identical with 
elastic fibres. 

In the columns of the white matter the fibrils extend 
pre-eminently in a longitudinal direction, in the grey 
matter they extend uniformly in all directions, and in 
the septa between the columns they extend chiefly in 
the direction vertical to the long axis of the cord. 

(e) Small branched nucleated cells intimately 
woven into the network of neuroglia fibrils. These 
cells are the neuroglia cells. The greater the amount 
of neuroglia in a particular part of the white or grey 
matter the more numerous are these three elements. 

172. In both the white and grey matter the 
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neuroglia iias a very unequal distribution ; but there 
are certain definite places in which there is always a 
considerablQ amount — ^a condensation, as it were, of 
neuroglia tissue. These places are : ' underneath the 
pia mater — i.e., on the outer surface of the white 
matter — ^there most of the neuroglia fibrils have a 
horizontal direction ; near the grey matter there is 
a greater amoimt of neuroglia between the nerve- 
fibres of the white matter than in the middle parts of 
this latter ; in the septa between the columns and 
l)etween the divisions of columns of white matter ; at 
the exit of the anterior and the entrance of the 
posterior nerve roots. 

A considerable accumulation of neuroglia is 
present immediately around the epithelium lining the 
central canal ; this mass is cylindrical, and is called 
the central grey nucleu8 of K5lliker. The epithelial 
cells lining the central canal are conical, their bases 
facing the canal, their pointed extremity being drawn 
out into a fine filament intimately interwoven with 
the network of neuroglia fibrils. In the embryo and 
young state, the free base of the epithelial cells has a 
bundle of cilia, but in the adult they are lost. 
, Another considerable accumulation of neuroglia 
exists in the posterior portion of the posterior grey 
horns, as the substarUia gelatinoaa of Eiolando. 

173. The urUle maUer (Fig. 85) is composed, 
besides neuroglia, of medullated nerve-fibres varying 
very much in diameter, and forming the essential and 
chief part of it. They possess an axis cylinder and 
a thick medullary sheath more or less laminated, but 
are devoid of a neurilemma and its nerve corpuscles. 
Of course, no nodes of Banvier are observabla In 
specimens of white matter of the posterior columns, 
where the nerve-fibres have been isolated by teasing 
or otherwise, many fine medullated fibres are met 
with which show ^e varicose appearance mentioned 
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in a former chapter. The medulUted nerre-fibres, 

or rather the matrix of their meduUaiy sheath, cou- 

tains tieurokerattn. The nerve fibres of the white 

matter run dueflj 

in a longitndmal . . 

direction, and they ' 

are separated from - • 

one another by the ^i 

neuroglia. Here and '^*- 

there m the columns \J ') 

tA white matter are - A^ 

Been connective tis- 1 

sne septa with vea- • 

sels, by which the 

nerve fibres are g5_^„„ ^ t™™™™* s«ti™ 

grouped more or thnmeh tlw WMte MnWar of Oie Cord 

less diatinotly in fii»wiiiti*etiiiiiTertei^ntni 

dlVlBlOUa. tirmniJicillienrogB»Mlll. (At 

174. Although 
most of the nerve-fibree constituting the columns of 
white matter are of a longitudinal direction — i.e., 
passing upwards or downwards between the grey 
matter of the cord on the one hand, and the brain and 
medulla oblongata on the other — there are nevertheless 
a good many nerve-fibres and grqppa of nerve-fibres 
which have an oblique or even horizontal course. 

(1) The anterior median fissure does not reach 
the anterior grey commissure, for between its bottom 
and the latter there is (Ae wAite cfmvmistvm. This 
Gonsiste of bundles of meduflated nerve-fibres passing 
in a horizontal or slightly oblique manner between the 
grey matter of the anterior horn of one side, and the 
anterior white column of the opposite side (Rg. 82,^). 

(2) Numerous medullated fibres are derived from 
the grey matter, and iJiey pass in a horizontal or 
oblique direction into the white matter, especially in 
considerable numbers into that of the lateral columns. 
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Having entered Uie white matter, they take a longitu- 
dinal (Erection. Most of these fibres enter the white 
matter in the septa and septula, by which the nerve- 
fibres of the white matter of the columns are sub- 
divided, and having passed in a horizontal direction 
in the septa and septula, some for a shorter, others 
for a longer distance, they enter the columns and 
pursue a longitudinal coursa 

175. (3) The meduUated nerve-fibres which leave 
the cord by the wnl&rior nerve roots are comparatively 
thick fibres, which pass out of the anterior portion of 
the grey matter of the anterior horns in bundles; 
they pass throu^ the white cnatter in an oblique 
direction by septa, and emerge in the anterior lateral 
fissure above mentioned. 

(4) The medidlated nerve-fibres entering the cord 
by ihe posterior nerve roots are thinner than those of 
the anterior nerve roots ; they pass into the cord by 
the posterior lateral fissure. Having entered, they 
divide into two bundles, one median and another 
lateral The fibres of the former pass in an oblique 
direction into the white matter of the posterior 
columns — the cuneiform fEusciculus (see above) ; — and, 
having run in these in a longitudinal direction, again 
leave them, sooner or later, and enter, in a horizontal 
or slightly oblique direction, the grey matter of the 
posterior horns. The fibres of the lateral bundle, 
on the other hand, pass directly from the posterior 
nerve root into the hindmost portion of the grey 
matter of the posterior horn. The nerve-fibres of 
the posterior roots entering the grey matter divide 
repeatedly, and show very markedly the varicose 
appearance. 

176. The §Tcy matter consists, besides the 
uniform network of neuroglia fibres and neuroglia 
cells, of nerve-fibres and of nerve-cells, or ganglion cells. 

The nerve-fibres are of tliree kinds — ^medullated 
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fibres, simple axis cylinders of various sizes, and primi- 
tive nerve-fibrillae. 

The medtdlated nerve^/ibrea run a more or less 
horizontal course, and they belong to different 
sources : — 

(1) Medidlated nerve-fibres connected dvrectVy — 
t.«., by the axis cylinder process {see bdiow) — %vith 
ganglion cells of tlie anterior horns ; they leave the 
anterior horns by the septa and septula, and they 
form the anterior nerve roots. 

(2) Medullated nerve-fibres which form the an- 
terior white com/missv/re ; they are traceable from the 
anterior column of one side into the grey matter of 
the anterior horns of the opposite side^ as has been 
mentioned above; some of these, at any rate, are 
distinctly and directly traceable to ganglion cells. 

(3) Medullated nerve-fibres derived indirectly 
from, the median hwndle of ^ posterior nerve root--- 
i,e.y coming out of the cuneiform fasciculus of the 
posterior column and medullated nerve-fibres derived 
directly from, the lateral bundle of the posterior nerve- 
root Both these kinds of nerve-fibres can be traced 
for longer or shorter distances in the grey matter of 
the posterior horns ; on their way they undergo 
numerous divisions into very fine medullated fibres. 

(4) Medullated nerve-fibres passing from the grey 
matter into the white matter of the lateral column,* Some 
of these are nerve-fibres that pass.simply through the 
grey matter of the anterior horns from an anterior 
nerve root ; others are derived directly from ganglion 
cells forming the columns of Clarke in the dorsal 
region (see below). But the majority are derived from 
that part of the grey matter intermediate between the 
anterior and posterior horn. 

177. The simple axis cylinders are found very 

numerously in the grey matter of all parts ; they are 

^f many various sizes^ and run in all directions, many 
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of them, esqpecially the larger ones, are only the first 
part of the medullated nerve-fibres, being the axis 
cylinder process of a ganglion cell, which process, 
after a shorter or longer course in the grey matter, 
becomes ensheathed in a medullary sheath, and re- 
presents one of the above medullated fibres. But 
there are also numerous fine axis cylinders, which are 
the last outrunners of the nerve-fibres entering the 
grey matter by the posterior roots. They are seen 
everywhere, isolated and running m smaller or larger 
btmdles. 

178. The primitive nerve JiJbriUm form the greater 
part of the grey matter, in fact the matrix of the 
grey matter of all parts being composed, besides the 
network of neuroglia fibrils, of an exceedingly fine 
and dense network of primitive fibriUcB (€rerlach). 
These are the nervous groundwork into which pass, 
and from which originate, nerve-fibres. The nerve- 
fibres which are derived from the posterior roots 
having entered the grey matter of the posterior 
horn undergo repeated (^visions, and ultimately be- 
come connected with this network of primitive 
fibrilloB. Numerous nerve-fibres take their origin in 
the network of primitive fibrillse, and leave the grey 
matter as medullated nerve-fibres, which pursue a 
longitudinal course in the anterior and especially in 
the lateral column of the white matter. 

179. The gfangUon ceUs (Fig. 86) of the grey 
matter are of various sizes and shapes, the branched, or 
stellate, or multipolar shape being predominant ; some 
have a more or less spindle-shaped or bipolar body, but 
each extremity may be richly branched. Each has a 
relatively large nucleus bordered by a membrane, and 
in it is a reticulum with one or two nucleoli The 
largest ganglion cells occur in the anterior horns, 
likewise in the Clarke's column of the dorsal region ; 
the smallest in the posterior horns. The ganglion cells 
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ara mach more numerous in the anterior hom than in 
tJie poaterior, where tiiej are relatively Bcaroe. 

In the former they are all stellate or multipolar, 
and form definite groups (a) an anterior group, 




riE. 86L -An IsaUled Quilion Celt of tbe Anterior Horn 

■» Axil afllodBT pFoceH ; k p{0meiil. The bnoelied pn>ceiiKi of tbe noolluD 
«q11 bmk up late tbe flop nenra netware i'hawn In tbe npper p«rl of Ibe 
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(b) a m«(jtan or irwMr group, and (c) a lateral group. 
The cells of the lateral group are the largest, those of 
the inner or median group are the smaUest of the 
tiiree. The lateral group of ganglion cells extends in 
the cervical region for a longer or shorter distance 
iuto the white matter of the lateral column. 
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180. In the doi-sal region of the cord there exists 
near the grey commissuro 
a Bpeolal cylindrical group 
of large multipolar gan- 
glion cells, vhich form the 
oolwtmt of Loeklwvt Clarke. 
Id the posterior horns 
the ganglion cells are few 
and far between. Moat of 
^ them belong to the portion 
, of the posterior horn, near 
the posterior commissure. 

The substance of tlie 
ganglion cells is fibrillated, 
but there exists a granular 
interstitial material, which 
is especially well developed 
near the nucleua Some- 
times smaller or lai^^er 
masses of yellowisfa pig- 
ment granules are pi-esent 
in this part of the cell 
substance— t.e., near the 
uucleua 

181. The fibrillated sub- 
stance of the ganglion cells 
is prolonged on to the pro- 
cesses. There are alwaj^ 
one or two that are thicker 
than the others. At a 
Pif. B7.— An i»o]»t«i Moitipo7«r longer or shorter distance 
rft^.Sd'"'""*'^"'"" *™^ '^^ "^ **•* proeemet 
■me a™ariii«iVi™t!,M p««»^ bratush dendrMeOlljf into 
li'wwhi'ch KSSi M°[»2if.'Bne"m'^ * 1^?« numboT of fibres, 
!!5t^rQ!iri£!n"8tTJS;^B^Sir' which, eventually break up 
into the fine network of 
primitive fibrille, forming the nervoas groundwork of 
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the grey matter (Fig. 87). The ganglion cells of the 
anterior horn and the cells of Clarke's column have, 
in addition to these branched processes, generally one 
unbranched pale process (occasionally, but rarely, this 
is double), which takes its origin in the cell substance 
with a thin neck. This is the axis cylinder process of 
Deiters ; it becomes invested sooner or later in a 
medullary sheath, and then represents a medullated 
nerve-fibre, as mentioned on a former page. The 
ganglion cells of the posterior horns have no axis 
cylinder process, all processes being branched and 
connected with the ground nerve network in the same 
way as the branched processes of the ganglion cells of 
the anterior horns. 

Anastomoses between the processes of the ganglion 
cells of the anterior horns have been observed in a 
few instances (Carri^re). 

182, The ganglion cells of the anterior horns and 
those forming Clarke^ column — i.e., the ganglion 
cells with axis cylinder process — are considered as 
motoTy the others as sensory ganglion cells ; that is to 
say, the former are connected with a motor nerve-fibre, 
the latter with a sensory fibre ; but it would be quite 
incorrect to say that all motor fibres are connected 
with the former, all sensory fibres with the latter. 

183. The white and grey matter is supplied with a 
large number of blood-vessels, the capillaries being 
more abundant and forming a more uniform network 
in the grey than in the white matter ; in the latter, 
most of them have a course parallel witb the long 
axi& The blood-vessels are ensheathed in lymph 
spaces {j>erivasculot/r spaces of His), and the ganglion 
cells are each surrounded by a lymph space (jperi- 
cellular space), * 
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CHArTER XVIL 

THE MEDULLA OBLONGATA. 

184. As the cervical portion of the cord passes 
into the medulla oblongata, its parts alter position, 
arrangement, and name in the following manner : — 

(a) The anterior median fissure is continued as 
far as the medulla extends. The posterior fissure of 
the cord is also continued on the medulla, but in the 
upper portion is lost^ owing to the fact that the 
central canal, which in the cord is situated in about 
the middle, shifts in the medulla towards the posterior 
surface, and soon altogether opens into the fourth 
ventricle. 

185. (b) The tracts of white matter bordering the 
anterior median fissure of the medulla, and separated 
from the other tracts by a distinct fissure on the 
surface, are the pyramidal tracts. As was mentioned 
on a former page, the median portion of the anterior 
columns of white matter of the cord — i.e., the un- 
crossed or direct anterior fasciculus — ^is a direct pro- 
longation of the pyramidal tract, and can be followed 
in ^is upwards into the pyramids — ».e., the oblong 
prominences in the upper part of the medulla next 
to the anterior median fissure — and from there to 
the pons Varolii and farther into the crus cerebri. 
A major portion of the pyramidal tract crosses in 
the lower portion of the medulla, in the anterior 
median fissure — this forms the pyramidal decussation 
(Fig. 88). These crossed bundles enter the postero- 
lateral column of the cord, that part of it which has 
been mentioned above as the fasciculus of Tiirk. The 
crossed portion of the pyramidal tract passes into 
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The greater portion of the anterior column 







of white matter of the cord is eitnated deeper in the 
medulla than the pyramidal tracts. 

(«) The lateral colnmn of white matter of the 
oord can be traced into the medulla as the laierid 
tract. In the upper part of the medulla it becomes 
hidden from view by the olivary bodies and the 
transversely arranged white tracts. The lateral tract 
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of the medulla comprises all parts of the lateral 
column of the cord including that portion which was 
mentioned as the anterior radicular zone and the direct 
cerebellar fasciculus, but not that posterior division 
of it which was mentioned previously as the fasciculus 
of Tiirk, or the crossed pyramidal fasciculus. 

{d) The posterior column of the white matter of the 
cord is continuous with the same column of the medulla. 
That portion of it which lies next to the posterior 
median fissure, and which is called in the cord the 
fasciculus of Goll, is in the medulla called \ki<^f(i8ciculus 
(or funiculus) grddlia. In the upper part of the 
medulla, as the central canal opens into the fourth ven- 
tricle, the fasciculus gracilis turns in an oblique manner 
outside, and forms the lateral boundary of the ventricle. 

1 87. (e) The lateral part of the posterior column of the 
cord, which was mentioned as the fasciculus cuneatus, is 
prolonged into the medulla under the same name. But 
between the two — ie., the fasciculus gracilis and fasci- 
culus cuneatus — there exists another tract, which is 
called by Schwalbe fwniculv^ of Rolcmdo, In the 
upper part of the medulla the fasciculus cuneatus 
becomes covered by transverse bundles of meduUated 
nerve-fibres; these pass from the anterior median 
fissure across the surface of the pyramids and olivary 
body in a transverse direction towards the posterior 
fissure, but before reaching this take an upward 
direction. These bundles are the external a/rcuate 
Jihrea, In the upper part of the medulla the ex- 
ternal arcuate fibres, part of the funiculus cuneatus 
and funiculus of Roldiido, as well as the direct cere- 
bellar fasciculus of the lateral column, all join to form 
a prominent ti*act of white matter — the corpus resti- 
forme — which enters the white matter of the cerebellar 
hemisphere on the same side ; this is the peduncuhu 
cerebdli ad medullam oblongata^ or the lower cere- 
bellar peduncle. 
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188. {/) In the region of the pyramidal decussation 
— ».«., the lower part of the medulla immediately fol- 
lowing the cervical portion of the cord — the grey 
matter of the cord is changed in its disposition by 
the fascicaliis of Tiirk or the crossed pyramidal 
fasciculus passing en moMe from the lateral column 
of white matter thnyugh the anterior horns of the 
grey matter. Hereby the anterior portion of the 
grey matter of the cord is shut off from the rest of 
the grey matter, and is found lying near the surface of 
the lateral column of the lower portion of the medulla 
as the lateral nucleus of grey matter (Fig. 88). The 
main part of the anterior horn, however, is repre- 
sented by the reticular fonnaiion of grey matter. 
This contains in its lateral portion^ at any rate, the 
same large multipolar motor ganglion cells with axis 
cylinder processes of Deiters and nervous ground- 
network as the anterior horn of the cord ; but in 
addition there are the numerous bundles of medul- 
lated nerve-fibres passing through it in transverse, 
oblique, and longitudinal directions. Some of these 
fibres belong to the continuation of the anterior 
columns of white matter of the cord, others join the 
fasciculus gracilis and. cuneatus, and a third kind pass 
out from the middle line of the medulla^ 

189. {g) The grey matter of the posterior horns of 
the cord undeigoes a change of disposition when passing 
into the medulla. Its hindmost portion is gradually 
shifted outwards by the development of the reticular 
formation of grey matter, and in about the middle of 
the medulla it is found lying ne^r the surface of the 
lateral column as the tiAercle of Rolando, The rest 
of the posterior horn remains at first collected around 
the central canal; but as this gradually approaches 
the posterior fissure, in order to open as die fourth 
ventricle above, the grey matter gradually expands 
laterally into the funiculus gracilis and cuneatus of 
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the white matter, and forms one distinct accumulation 
of grey matter in each of these funiculi ; they are 
respectively the nvAnl&as gracilis and the mbcleus 
cunecUtis. The former is the grey matter, in the 
axis cylinder process of whose ganglion cells the nerve- 
fibres of the funiculus gracilis oiiginate ; but in the 
latter only a portion of the nerve-fibres of the 
funiculus cuneatus take their origin ; since another 
part of it joins the restiform body, and with this 
passes into the cerebellum. 

190. In the upper part of the medulla — i.e., in the 
region of the fourth ventricle — ^the grey matter forms a 
continuous mass, the^or of the fourth ventricle (Fig. 
89). In this region there is a distinct median septum, 
by which the medulla ia divided into two halves ; this 
is the raphe. It representsi a thin membrane of nerve 
substance extending from the anterior longitudinal 
fissure to near the middle line of the floor of the fourth 
ventricle. This membrane consists of white matter 
in the shape of bundles of medullated nerve-fibres 
passing longitudinally, transversely, and obliquely; 
and of small masses of grey matter interspersed 
between the nerve-bundles, and especially at the side 
of the raphe, where nerve-fibre bundles pass out of 
it. The grey matter contains multipolar ganglion 
cells. 

191. In a transverse section through the upper 
pai*t of the medulla, we find at the side of the 
pyramid, and a little behind it, but covered on the 
outer surface by white matter — i.e,, the bundles of 
nerve-fibres constituting the fibrs^ arcuatsB extem« — 
a plicated lamina of grey matter which constitutes the 
olivary rmcleus, or nucleus dentatus of the olivary 
body. It extends with its posterior portion into the 
reticular formation. Continuous with the olivary 
nucleus, but situated nearer the raphe, is a small 
lamina of similar grey matter ; this is the accessory 



148 Elements of Histology, [Chap. xvii. 

olivary nucleus. In both nuclei are found numerous 
multipolar ganglion cells, each with an axis cylinder 
process. 

192. The ^ref matter at the floor ^ the 
fourth ventricle is that from which the nerve roots 
of the cerebral nerves (facial auditory, glossopharyn- 
geal, pneumogastric, accessory, and hypoglossal) origi- 
nate. The ganglion cells in it are of various sizes, 
and are aggregated into groups which represent the 
"nt«5^6i" — 1.6., the origin of the above nerves. The 
thin layer of grey matter forming the floor of the 
ventricle, in the strict sense, is neuroglia only, a con- 
tinuation of the central grey nucleus of the cord. 

The nerve cells in the hypoglossal nucleus are 
the largest \ they are as large as the large cells 
of the anterior horns of the cord. The cells of 
the glossopharyngeal nerves are considerably smaller. 
The motor nerve-fibres (e.^., those of the hypoglossal 
and pneumogastric) originate, as the axis cylinder 
process of the multipolar ganglion cells, in exactly 
the same manner as was mentioned in the cord, 
but the sensory nerv& fibres of these nerves originate 
from the nerve ground network, into which the 
processes of the ganglion cells of these nuclei break up. 

193. In the lower part of the medulla, as long as 
there is still a closed central canal, we find next to 
this the last outrunners of the groups of ganglion 
cells representing the nucleus of the spinal accessory 
and hypoglossal 

As we pass upwards, and as the central canal 
opens as the fourth ventricle, the groups of ganglion 
cells below the floor of the ventricle are so arranged 
that we find near the median line the group repre- 
senting the hypoglossal nucleus; then, farther out- 
wards, seversd groups representing several sub-divisions 
of the pneumogastric nucleus ; still farther upwards, 
but more in the anterior part of the medulla, the nucleus 
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of the glossopharyngeal nerve ; and, lastly, but more 
outwards and upwaz>ds, several divisions of the nucleus 
of the auditory nerve. The nerve-fibres, originating 
in these nuclei, pass in bundles through the substance 
of the medulla oblongata, so as to appear on the 
antero-lateral surface. Of course these nerves, the 
nuclei of which are situated nearer to the middle line — 
e,g.y the hypoglossal and spinal accessory — ^have to pass 
through the reticular formation, whereas those whose 
nuclei are situated more laterally pass only through 
the lateral part of the medulla. 



CHAPTER XVIIL 

THE GERBBRUM AND CEREBELLUM. 

194. The structure of the dura mater, arachnoidea, 
and pia mater of the brain is similar to that of the 
same membranes of the cord. 

As has been shown by Boehm, Key and Betzius, 
and others, the deeper part of the dura contains peculiar 
ampullated dilatations connected with the capillary 
blood-vessels, and representing in fact the roots of the 
veins. 

The glomdtiXm Facchumi, or arachnoidal villi of 
Luschka, are composed of a spongy connective tissue, 
prolonged from the sub-arachnoidal tissue and covered 
with the arachnoidal membrane. These prolongations 
are pear-shaped or spindle-shaped, with a thin stalk. 
They are pushed through holes of the inner part of 
the dura mater into the venous sinuses of this latter, 
but are covered with endothelium. Injection matter 
passes from the sub-arachnoidal spaces through these 
stalks into the villi The spaces of their spongy 
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substance become thereby filled and enlarged, and 
finally the injection matter enters the venous sinus 
itself. The pia cerebralis is very rich in blood-vessels, 
like that of the cord, which pass to and from the 
brain substance. The capillaries of the pia mater 
possess an outer endothelial sheath. The plexus 
choroideus is covered with a layer of polyhedral 
epithelial cells, which are ciliated in the embryo and 
young. 

195. As was mentioned of the cord, so also in the 
brain the sub-dural lymph space does not communicate 
with the sub-arachnoidal spaces or with the ventri- 
cles (Luschka, Key and Ketzius). Kor is there a 
communication between the sub-arachnoidal space and 
the epicerebral space-i.e., a spa^ de«5ribed by His to 
exist between pia mater and brain surfex;e, but doubted 
by others. The relations between the cerebral nerves 
and the membranes of the brain, and the lymph- 
spaces of both, are the same as those described of 
the cord and the spinal nerves on a previous pa^e. 

196. The pia mater passes with the larger blood- 
vessels into the brain substance by the sulci of the 
cerebrum and cerebellum* 

In the white and grey matter of the brain we 
find the same kind of supporting tissue that we 
described in the cord as neuroglia. It is also in 
the brain composed of a homogeneous matrix, of a 
network of nev/roglia fibril8^ and of branched, flat- 
tened neuroglia cells, called Deiters' cells. 

In the white matter of the brain the neuroglia 
contains between the bundles of the nerve-fibres i-ows 
of small nucleated cells ; these form special accumula- 
tions in the bulbi olfactorii, and in the cerebellum. 
Lymph corpuscles may be met with in the neuroglia, 
especially around the blood-vessels and ganglion cells. 

All the ventricles, including the aqueductus Sylvii, 
are lined with a layer of neuroglia, being a direct 
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oontinuation of the one lining the fourth ventricle, 
and this again being a direct continuation of the 
central grey nucleus of the cord. Like the central 
canal of the cord, also, the ventricles are lined with a 
layer of ciliated columnar, or short columnar epithelial 
c^ls. 

197. The blood-vessels form a denser capillary 
network in the grey than in the white matter ; in the 
latter the network is pre-eminently of a longitudinal 
arrangement, i.e., pandlel to the long axis of the 
bundles of the nerve-fibres. In the grey cortex of 
the hemispheres of the cerebrum and cerebellum, many 
of the capillary blood-vessels have an arrangement 
vertical to the surface, but are connected with one 
another by numerous transverse branches. 

The blood-vessels of the brain are situated in 
spaces, perivascular lymphspacesy traversed by fibres 
passing between the adventitia of the vessels, and 
the neuroglia forming the boundary of the space. 
Thei-e are no real lymphatic vessels in the grey or 
white substanca 

198. The nrliite matter consists of meduUated 
nerve-fibres, which like those of the cord possess no 
neurilemma or nuclei of nerve corpuscles, and no 
constrictions of Ranvier. The nerve-fibres are of 
very various sizes, according to the locality. Divisions 
occur very often. When isolated they show the 
varicosities mentioned in the cord. 

The ifrey matter consists, like that of the cord 
and niedulla, besides the neuroglia, of a very fine net- 
work of elementary nerve-fibrils (Rindfleisch, Gerlach), 
into which pass, on the one hand, nerve-fibres, and, 
on the other, the branched processes of ganglion cells. 

With regard to the structure of the ganglion cells 
of the brain and medulla, what has been mentioned 
of the ganglion cells of the cord holds good as to 
them. Like the former, those of the medulla and 
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long-branched and pursuing a vertical course towards 
the surface ; sooner or later they all break up into the 
fine nerve-ground network of the grey cortex. The 
longest processes reach near to the surface. The 
layer (6) above mentioned — i.c., the cortical grey 
matter — is in reality the terminal nerve network for 
the branched processes of the ganglion cells of 
Furkinj& Sankey maintains that in the human cere- 
bellum there are also other smaller multipolar gang- 
lion cells connected with the processes of the cells of 
Purkinja 

202. The nuclear layer contains a large number of 
spherical or slightly oval relatively small nuclei em- 
bedded in a network of fine fibnls, the nature of 
which is not definitely ascertained — ie., whether it 
consists of neuroglia only, or whether it contains, 
in addition, also a network of nerve fibrils. The latter 
is exceedingly probable. The nuclei are nuclei of 
neuroglia cells, of lymph corpuscles and of small gang- 
lion cells. 

The axis cylinder process of the ganglion cell of 
Furkinje passes through the nuclear layer, and be- 
coming invested with a medullary sheath, enters as 
a medullated nerve-fibre the central white matter. 
There are, however, medullated nerve- fibres of the 
central white matter, which are not connected with an 
axis cylinder process of a Purkinje's cell, but enter 
the nuclear layer and probably terminate there in the 
nerve network, or pass through it and terminate in the 
nerve network of the grey matter of the cortex. 

203. II. The pons Tarolii (Fig. 91) is a pro- 
longation partly of the medulla and partly of the 
cerebellum. Of the latter only white matter passes 
transversely into the anterior portion of the pons, 
and forms there the transverse bundles of nerve^fibres, 
which give to the pons the horizontal striation. 

As we pass upwards — i.e., farther away from the 
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medulla, this part of the pons — 1, e , that cotnpoeed of 
horizontal fibrea — increaasB in thickness 

204 Of the medulla there is a greater portion 




continued into the pons than of the cerebellum. 
(1) There are the pyramidal tracte : the; do not lie on 
the Biirboe as in the medulla, but are hidden by some 
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— ^the most anterior bundles — of the transverse fibres. 
The bundles of the pyramidal tract pass as longitudinal 
fibres merely through the anterior half of tibe pons, 
and enter the crura cerebri where they form the 
crusta. (2) The raphe. (3) The reticular formation ; 
but this is limited to the posterior part Small masses 
of grey matter and ganglion cells are scattered every- 
where between the transverse bundles of the nerve- 
fibres of this formation. (4) The grey matter at the 
floor of the fourth ventricle. This grey matter con- 
tains also on the posterior surface of the pons groups 
of multipolar ganglion cells. 

■ Near the middle line there is a group of large 
multipolar ganglion cells, each with an axis cylinder 
process, l&s is the nucleus for the sixth nerve, and 
of part of the seventh, the former lying more median 
than the latter. There is another nucleus of the 
seventh situated more deeply — i,e,^ in the reticular 
formation. More outwards we meet with the superior 
nucleus of one of the roots of the auditory nerve. 
Farther upwaixls we meet with the nucleus of the 
motor roots of the fifth. 

(5) In the lower part of the pons there exists also 
a continuation of the grey matter of the corpus den- 
tatum of the olivary body. 

205. The pons is connected with the cerebrum by 
the crusta of the cms cerebri, which, as mentioned 
above, are bundles of meduUated nerve-fibres passing 
merely through the pons but being continuations of 
the anterior pyramidal tracts of the medulla. 

206. III. The lieiiiifq[»lieres of the eere- 
brnni. — On a vertical section each convolution shows 
a wh\ie cerUre and a grey cortex. The former is com- 
posed of medullated nerve-fibres. The white matter 
of the convolutions of the cerebral hemispheres is ar- 
ranged as (a) the cerUrum owde — i.&, the central mass 
of white matter from which the lamina of white matter 
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for each convolatlon 
broaches off, and, (6), 
the commiseore of white 
matter between the two 
hemi^heres, i.6., &e 
ct3Tfiu oallogum and 
anterior eommiseu.re. 
The oeatrum ovale again 
oonBtsts of tracts of 
meduUated nerve-fibre, 
which connect (a) the 
convolationBof the same 
hemisphere witii one 
another, and (6) such as 
pass between the con- 
volutions on the one 
hand, and the thalamua 
(^ticns, the pons, and 
medulla on the other. 
These tracts pass by the 
internal capsule (see 
below) to the thalamus 
opticus, and to the orus 

The grey cortex con- 
sists, according to Uej- 
nert, of the following 
layers (Fig. 92) :— (1) a 
superficial layer of grey 
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matter (neuroglia and nerve ground network), with 

few and small ganglion cells. 
(2) A layer of smidl more or 
less pyramidal ganglion cells 
densely aggregated (3) The 
formation of the comu Am- 
monia. This is the principal 
or broadest stratum of the 
cortex ; it is composed of 
several layers of large, pyra- 
midal ganglion cells, increas- 
ing in size as a deeper layer 
is reached. 

The pyramidal cells of 
this third and of the previous 
second stratum consist of a 
pyramidal body including an 
oval vesicular nucleus (Fig. 
93). From the body pass out 
the following principal pro- 
cesses : — (a)flieprooessof the 
apex, directed towards the 
surface of the convolution ; 
it can be traced for 
a longer or shorter 
distance. (6) The 
lateral basilar pro- 
cesses, and finally 
the median basilar 
process. This latter 
is fine, remains un- 
branched, and is an 
. 9a-A large Pyramidal GangUon axis cylinder process, 

!ell of the Qrey Cortex of the Human ^.^.^ becoming m- 
Thc^«8°Tf the«pex and the other procesae. 7®sted with a medul- 

5Sft^'IS2iSSL"S^"iSU'^^ larysh^thisanerve- 

SraiVi!SS^rVi?SJ??ai?^"(AY^^^^ ^^ of *l^e central 
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white matter. The other processes, sooner or later in 
their course, branch and break up finally into the 
nerve ground network of the grey matter. (4) A thin 
stratum of small irregular branched ganglion cells, the 
granular formation of Meynert. (6) A last stratum 
of spindle-shaped and branched .ganglion cells, ex- 
tending parallel to the surface. 

207. According to Meynert, the grey cortex of the 
posterior portion of the occipital lobe about the sulcus 
hippocampi consists of eight layers, the granular for- 
mation being the principal one. In the grey cortex of 
the comu Ammonis, on the other hand, the third 
layer is the principal layer, the fourth being wanting. 
In the claustrum (part of the wall of the fossa Sylvii), 
the spindle-shaped cells of the fourth layer form the 
principal stratum. 

208. The biilbus olfaetorius contains in most 
mammals, but not in man, a small central cavity 
lined with columnar ciliated epithelial cells. The sub- 
stance of the bulb around this cavity consists of an 
upper part, which is white matter, and is a continua- 
tion of the tractus olfactorius. The lower part is 
grey matter, and contains the following layers, count- 
ing from below upwards : (1) a layer of non-medul- 
lated nerve-fibres, each with a neurilemma ; this layer 
forms farther on the olfactory nerve going to the 
olfactory organ ; (2) the stratum glomerulosum, com- 
posed of a number of glomeruli or convolutions, 
each of which consists of an olfactory nerv^-fibrej and 
in addition to it numerous small neuroglia cells ; (3) 
stratum gelatinosimi of Lookhart Clarke, composed 
of a fine nervo network, and embedded in it multi- 
polar ganglion cells ; (4) a last and thickest layer of 
nuclei embedded in a network of fibrils, and similar in 
structure with the ** nuclear layer." 

209. lY. The mesencephalon. — The fourth 
ventricle above the upper part of the pons Varolii 
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closes again into a small canal — ^the aqueductus 
Sylvii — which having passed in front out of the region 
of the corpora quadrigemina opens out again as the 
third ventricle. The parts around the iEtqueductus 
Sylvii represent the mesenoephalcHi (Fig. 91), developed 
from the middle brain vesicle in tiie embryo. They 
include the wall of the aqueductus Sylvii, the corpora 
quadrig^nina, and the crura cerebri 

The aqiLeductu8 Sylvii is lined with epithelium 
and a layer of neuroglia continued from the fourth 
ventricle. The raphe of the medulla and of the pons 
are continued into the lower wall of the aqueductus. 
The lining layer of neuroglia is on its frontal aspect 
surrounded by a layer of grey substance continued 
from the grey substance of the floor of the fourth 
ventricla It contains in a nerve network numerous 
multipolar ganglion cells grouped into nerve nuclei, 
coimected with the third, fourth, and part of the fifth 
pair of nerves. In front of this .layer is one of con- 
sklerable thickness representing the tegmefrUumy which 
is the dorsal or posterior portion of the cms cerebri 

210. The corpora quailrigeiiiina. — Each of 
the two inferior prominences consists of a superficial 
layer of white matter, and a deep grey portion, con- 
taining multipolar ganglion cells of various sizes 
embedded in a fine nerve network. Between this and 
the grey substance of the wall of the aqueductus Sylvii 
are tracts of white matter, forming part of theJUlet 
In each of the two superior prominences there is also 
a superficial layer of white matter, beneath which 
is, a layer of grey matter (stratum cinereum) ; under- 
neath this is the main portion — ^the straiuan opticum — 
consisting of longitudinal tracts of nerve-fibres, be- 
tween which are small masses of grey substance. 
Between this stratum opticum and the grey matter 
fonning the wall of the aqueductus Sylvii is a layer 
of white matter, part of the^^. 
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211. The cms cerebri of each side consists of an 
anterior, middle, and posterior portion. The anterior 
or ventral portion is the crusta, or pes; the 
posterior or dorsal portion is the tegmentam. Be- 
tween the two is the substantia nigra. The cmsta is 
tx)mposed of longitudinal tracts of medullated nerve- 
fibres passing from the margin of the pons Varolii 
to the internal capsule of the thalamencephalon, and 
farther into the white matter of the hemisphere. 

212. The teifinentiiiii has been mentioned above 
as being situated in front of the grey matter forming 
the anterior wall of the aqueductus Sylvii. Tlie 
tegmentum is a prolongation of the reticular formation 
of the pons Varolii and medulla (see above), i.0., small 
masses of grey substance separated by tracts of nerve- 
fibres, most of which run in a longitudinal or transverse 
direction. The longitudinal bundles include a con- 
tinuation of the white matter of the cerebellum, 
mentioned in a previous page as the superior 
peduncle of the cerebellum, or the pedunculus cere- 
belli ad cerebrum. These undergo total decussation in 
the upper part of the mesencephalon, and ultimately 
enter the thalamus opticus. 

213. The substantia nigfra is grey matter 
situated between the two above ; it has received its 
name from the numerous dark pigment granules 
lodged in the substance of its ganglion cells. These 
are small and multipolar. 

214. V. The thalamencepbalon and corpus 
striatum* — The former comprises the parts of the 
brain situated round the third ventricle, the most im- 
portant being the thalamus opticus, the pineal gland, 
the corpora albicantia, the infundibulum and tuber 
cinereum, and the hypophysis cerebri. The corptu 
striatmn is the ganglion of the cerebral hemisphere, 
with which it originates from the same part — i.6., the 
frontal part of the first cerebral vesicle of the embryo. 

L 
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215. The tbalamus opticus consists of a super- 
ficial layer of white, and a centre of grey matter. 
In this numerous multipolar ganglion cells are noticed. 
The white matter in the outer portion is very con- 
siderable, and of great importance from its connec- 
tions. From it radiate tracts of medullated nerve- 
fibres, which join the tracts of the internal capsule on 
their way to and from the different parts of the 
cerebral hemisphere. 

The superior pedunculus cerebelli, after its 
decussation with that of the opposite side, passes 
into the white matter of the thalamus. The trac- 
tus opticus is connected with the outer white matter 
of the posterior portion of the thalamus — ^ie., the 
ptUvinar, 

216. The corpus striatum, as stated before, 
is considered as the ganglion of the cerebral hemi- 
sphere. It consists of the rmcl&us cavdcttus and the 
wucleua lenticularis. The former projects into the 
lateral ventricle, the latter is the outer portion of 
the corpus striatum. The nucleus lenticularis is 
separated from the nucleus caudatus and from the 
anterior portion of the thalamus opticus by tracts of 
medullated nerve-fibres, known as the internal capsule. 
On the outer surface of the nucleus lenticularis is a 
thin lamina of white matter which is the eostemal 
capsule. This is separated from the white matter 
of the cerebral convolutions at this part — i.e., the 
island of Beil — ^by a thin lamina of grey matter, called 
the daustn^ith. The nucleus caudatus and lenti- 
cularis consist of grey matter with larger and smaller 
groups of multipolar ganglion cells, permeated by 
tracts of medullated nerve-fibres, which originate in 
the grey matter. These tracts of white matter pass 
transversely and obliquely into the internal capsule, 
and are to be traced on the one hand to the white 
matter of the convolutions of the cerebral hemisphere, 
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which is, however, doubted by many observers, and 
on the other into the crusta of the cms cerebri. 

217. The intemal capsule is one of the most 
important masses of white matter; it contains the 
tracts of medullated nerve-fibres which pass between 
the white matter of the cerebral hemisphere and the 
cms cerebri — ^i.&, the corona radiata of Reil \ further, 
it contains tracts of medullated nerve-fibres passing 
between the thalamus opticus and the white matter 
of the cerebral hemispheres ; and, finally, it contains 
tracts of nerve-fibres passing between the corpus 
striatum and the cms cerebri 

218. The pineal gland, or conarium, and the 
anterior lobe of the hypophisis cerebri, are epithelial 
in structure and origin, and will be described in a 
future chapter. The pineal gland contains a large 
amount of calcareous matter— -brainsand. 

The corpora albicarUia are masses of white 
matter — i.e., medullated nerve-fibres; each corpus 
albicans includes a centre of grey substance. 

The infwridflbuhi/m, and tvb&r cmereum at the floor 
of the third ventricle are composed of grey matter ; 
the latter extends between the corpora albicantia 
to the optic commissure, while the former is connected 
with the posterior or minor lobe of the hypophisis. 



CHAPTER XIX. 

THE CEBEBBO-SPINAL GANGLIA. 

219. The ganglia connected with the posterior 
roots of the spinal nerves, and with some of the 
roots of the cerebral nerves — e.g,y Gasserian, otic, 
geniculate, ciliary, Meckel's ganglion, the ganglia of 
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the branohee of the aeouetic nerve, the Bubrntufillarj' 
ganglion, Ac. — poeaess a capsnle of fibrous conaeetive 
tisane oontinnous with the epineariam of the afferent 
and efferent nerve tninka. The interior of the ganglion 
ia subdivided into smaller or larger divisions, contain- 
ing nerve bundles with their perineurium, or larger 
and smaller groups of ganglion 
cells. In die spinal ganglia 
these latter are generally dis- 
posed about the cortictJ part, 
whereas the centre of the 
ganglia is chiefly occupied by 
bundles of nerve-fibree. 

220. The ganglion cells differ 
very greatly in size, some being 
as big, and bigger, than a large 
multipolar ganglion cell of the 
anterior bom of the cord, others 
much smaller. Kach cell has 
a large oval nucleus, including 
a network, with one or two 
large uucleolL Its substance 
shows a distinct fibrillation. 
Each cell of the ganglia in man 
and mammals is vmxpola/r (Fig. 
94), flask or pear-shaped, and 
invested in a hyaline capnUe, 
lined with a more or less con- 
tinuous layer of nuelecUed endo- 
thelial ee/l-pltUes. The single 
process of the ganglion cell is 
finely and longitudinally stri- 
ated, and is an axis cylinder 
process. Immediately after 
leaving the cell body it is much 
convoluted (Retzius) ; then it gets invested in a 
medullary sheath — i.e., it becomes a medullatod nerve- 
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fibre. The capsule of the ganglion cell is contmued 
on the axie cylinder process, and, farther on, on the 
medullated nerve-fibre, as the neurilemma ; while the 
endothelial plates of the capsule pass into the nerve 
corpiisclea lining the neurilemmfl, their _^ 

number greatly diminiEhing (Fig, 96). 

221. In the rabbit this meduUated 
net^e-fibre at its first node of Banvier, 
which is not at a great distance from 
the ganglion cell, divides into two me- 
dullated nerve-fibres in the shape of a 
T ; one branch is supposed by Eanvier 
to pass to the cord, the other to the 
periphery. In man, this T-shaped 
division has also been observed by 
Retzius, but it cannot be eaid wiUi 
certainty that in rabbit or man 
every axis cylinder process shows this 
T-shaped division. Betzius observed 
this T-shaped division also in the 
Gasserian, geniculate, and vagns gan- 
glia in man. 

The ganglion cells are not unipolar 
in all cerebral ganglia ; in the cUiary 
and otic ganglia there are a good niany 
ganglion cells which are multipolar. ^^ v,.^Ka lu- 

222, Numerous ganglia of micro- c^„('i''Bj.'inl3 
scopic sizes are to be found in the S^'"'"' °' 
Bub-maxiUory (salivary) gland ; they tiu hih oriikdH 
are of difierent sizes, and are in l^^fSSrnudinUk 
reality ganglionic .enlargementa of S^Ssy"'* 
larger or smaller nerve-bundles. Each SSElJ!' S''u£ 
gangEon is invested in connective lSluwi.i'"^ 
tissue continuous with the perineu- 
rium, and the ganglion cells are unipolar, and of the 
same nature as those described above, each being 
poBsessed of an axis cylinder process, which becomes 
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qoon connected with a nerve-fibre. At the back 
of the tongue there are Biiuilar small mioroscopic 
ganglia. 



CHAPTER XX. 

THE STMPATHBTIC SYSTBH. 

223. The aympathetic nerve-branches are of exactljr 
the same nature in their connective tissue investments 
(ejii- peri- and endo-neui-ium), and in the arrangement 




of the fibres in bundles (Fig. 96, a), as the cerebrb^ 
spinal nerves. Most of the nerve-fibres in the bundles 
are non-medullated or Bemak's fibres (Fig. 96, b), each 



Chap. XX.] The Sympathetic System. 167 

being an axis cylinder invested in a neurilemma, with 
oblong nuclei indicative of nerve corpuscles. But there 
are some medullated nerve^bres to be met with in 




Fig. 97.— A group ot QacgUon Cells interposett In a Imndle of S^mpt- 
Qjetlo NervfrfiW ; from the Bladder of a Bifabit. (Uaudbook.) 

each bundle, at leaat, of the larger nerve-trunks. 
Theee in some cases shov the medullary sheath more 
or less diBcontinuous, and with a varicose outline 




fibres in tfae Bladder 



eMHll Bnndle of 



PTDtoD^ed aa Che axLi cjJia* 






(Fig. 96, c), owing to a uniform local accumulation of 
flidd between it and the axis cylinder. The small or 
microscopic bundles of nerve-fibres have an endothelial 
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(perineural) aheath. The small and large branches 
form always rich plexiisee. 

224. la connection with the macroscopic and 
microscopic sympathetic nerve-branches, are gang- 
lionic enlargements. They occur in some organs very 
numerously — e.g., alimentary canal, urinary bladder 
(Fig. 97 and Fig. 
98), respiratory or- 
gans — and are of 
all mzes, from a 
few ganglion cells 
placed between, or 
laterally to, the 
nerve-fibres of a 
small bundle, to 
huge oval, spheri- 
cal, or irregularly- 
shaped masses of 
ganglion cells placed 




\ the < 



i of a 



large nerve-bundle, 
or situated at the 
point of anastomo- 
sis of two or more 
nerve-branches. 

The ganglion 
celts (Fig. 99) are 
of very difierent 



ing a large oval o 
spherical nucleus 
with one or two 
', nucleoli. Their 
' shape is spherical 
or oval, flask- 
shaped, club shaped, or pear-shaped ; they possess 
either one, two, or more processes, being imi-, bi-> 
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t the neurilemma, 



or malti-polar. The cell is invested in a capsule lined 
with nucleated cells, both being continued on the pro- 
ceases M neurilemma and nerve corpuscles respectively. 

The processes of the ganglion cells t 
cylinder processes, and invested i 
thus representing non-medul- 
lated nerve-fibres. They do not 
become as a rule medullated. 

225. In the frog (Beale, 
Arnold) and also in some few 
instances in the mammsl, the 
sympathetic ganglion cell gives 
off one straight mm cylinder 
process, into which the sub- 
stance of 1^ ganglion cell is 
prolonged. This is entwined 
by a thin »pvralj^e (Fig. 100), 
taking its origin by two or 
more rootlets from the ganglioa 
cell substance, and circling 
round the - (thicker) straight 
axis cylinder process. A single 
neurilemma ensheathes them 
botL Soon the spiral fibre 
leaves the axis cylinder process, 
becoming invested with a 
medullary sheath and its own 
neurilemma, thus forming a 
medullated fibre, whereas the 
straight axis cylinder continues ■p^_ ioo.-a ayniMiln 
ito course as a non-raedullat^d T"*^".h'^^J^f"^' 
nerve-fibre (Key and Retzius). ce« bsI tha b^m fl£« ; 

ii^. 1 he ganglia in connec- duugted flb«. {Kejuod 
tion With the plexuses of nerve EfltiiM.) 
branches of the heart, the 

ganglia in the plexus of non-medullated nerve-fibres 
existing between the tou^tudinal and circular coat 




lyo 
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of the external muscular coat in the alimentary canal, 
known as the plexus myentericus of Auerbach, the 
ganglia in the plexus of nerve branches of the sub- 




Fig. 101.— Plexus of fine Sympathetic Nerve-fibres, with Qanglionic 
Enlai^ementB in the Nodal Points. From the Plexus of Meissnor 
in the Submncoos Tissue of the Intestine. 

a> Fine nerve-flbres; ft, groups of ganglion cells interposed between the 

nerve-fibres. 



mucous tissue in the alimentary canal, and known as 
Meissner's plexus (Fig. 101), the ganglia in the plexuses 
of nerve branches in the outer wall of the bladder, in 
the bronchial wall, in the trachea, the ganglia in con- 
nection with the nerves supplying the ciliary muscle 
of the eye, &c., belong to the sympathetic system. 
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227. A HUKAN tooth, adult and milk-tooth, couBiots 
(Fig. 102)'of (a) the erum^covenag the crown, (6)the 
dentine forming the real 
matrix of the whole 
tooth, and surrounding 
the pulp cavity both of 
the crown and fungs, 
and (c) the cement, or 
cruBta petroBa, or sub- 
stantia osteoidea. This 
cement covers the outside 
of the dentine of the 
fang or fangs, in the 
same way as the enamel 
covers the dentine of the 
crown. The crusta pe- 
trosa is covered on its 
outside by a dense libroua 
tissue acting as a perioe 
t&um to it, and is fixed 
by it to the inner surface 
of ^e bone forming ihe 
wall of the alveolar 
cavity, 

228. The enamel 
(Fig. 103) consists of 
thin microecopic pn»- k,. ice.— LomritadinBi 
matic elements, the q^°^^ the PnomoW 
enamel prisma placed ,^bbi^ip[., dentine'^miiiinei™ 
cloaely, and extending in ^'S^iS^fiat^.t^.i^n^ 
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a vertical direction from the surface to the dentine. 
When viewed in transverse section, the enamel prismB 
appear of an hexagonal outline, and separated by a very 
fine vnieritUial cemmd. euhtUtwx. The outline of the 
enamel prisms is not straight, but wavy, bo that the 
prisms appear varicoBe, Hie prisms are aggregated 
into bundles, which are not quite parallel, but more 
or leas slightly cover one tmother. On a longitudinal 
section through a tooth, the t^ipearance of alternate 




light and dark stripes in the enamel is thus produced. 
Besides this there are seen in the enamel dark hori- 
zontal curved lines, the brown parallel stripes of 
Betdus, probably due to ineqnaUtieB in the density of 
the enamel prisms produced by the successive forma- 
tion of layers of Uie enameL The enamel consists 
chiefly of lime-salts ; phosphate, carbonate, and fluorate 

In young teeth the free surface of the enamel 
ia covered with a delicate cuticle (the cuticle of 
Kasmyth), being a single layer of non-nucleated 
scales. In adult teeth this cuticle is wanting, hav- 
ing been rubbed oK 

229. The dentine is the essential part of the hard 



Bubetances of the tooth. It forms a complete iuveBt- 
metit of the pulp cavity of the crown and faug, being 
slightly thicker in tiie 
former than in the latter " 
r^on. The dentine is 
oompoeed of (Fig. 104); 

(1) a homc^ieneouB ma- 
trix; thia is a reticular 
tissue of fine fibrils im- 
pregnated with lime- 
Baits, and thus resem- 
bles the matrix of bone ; 

(2) long fine canals, the 
dentinal canaU or Itihes 
passing in a more or less 
spiral manner, and ver- 
tically from tiie inner 
to the outer surface of 
the dentine. These tubes 
are branched ; they open 
in the pulp cavity with 
their broadest part, and 
become finer as tliey 
approach the outer sur- 
face of the dentine. 
Each canal is lined with 
a delicate aheath — the 
c^Uinal g/ieath. Inside 
the tube is a fibre, the 
dentinal Jibre, a solid 
elastic fibre originating 
with its thickest part 
at the pulp side of the 
dentine from cells lining 
the onter surface of the pulp, and called odontoblasts. 

On the outer surface of the dentine, both in the 
r^on of the enamel and cruata petross, the dentinal 
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tubes pass into a layer of intercommunicating irregular 
branched spaces, the iTderglohvila/r spcuses of Osermak, 
or the granuh/r layer of Purkinje. These communicate 
with spaces existing between the bundles of enamel 
prisms of the crown, as well as with the bone laminas 
of the crusta petrosa of the fang. The interglobular 
spaces contain each a branched nucleated cell. The 
dentinal fibres anastomose with the processes of these 
cells. The incremental lines of Salter are lines more 
or less parallel to the surface, owing to imperfectly cal- 
cified dentine — the irUerghhy^ substance of CzermaJc. 
The lines of Schreger are curved lines parallel to the 
surface, and due to the optical effect of simultaneous 
curvatures of dentinal fibres. 

230. The cement is osseous substance, being 
lamellated bone matrix with bone corpuscles. These 
latter are larger than in ordinary bone. 

231. The pulp is richly supplied with blood-vessels, 
forming networks, and extending chiefly in a direction 
parallel to the long axis of tihe tooth. Kumerous 
meduUated nerve-fibres forming plexuses are met 
with in the pulp tissue ; on the outer surface of the 
pulp they become non-meduUated fibres, and probably 
ascend in the dentinal tubes. The matrix of the 
pulp is formed by a transparent network of richly 
branched cells, similar to the network of cells forming 
the matrix of gelatinous connective tissua 

232. On the outer surface of the pulp — i.e.,- the 
one in contact with the inner surface of the dentine — 
is a layer of nucleated cells, which are elongated, 
more or less columnar. These are the odontoblasts 
proper. Between them are wedged in more or less 
sprndte-shaped nUfCleated cells, the outer or distal pro- 
cess of which passes into a dentinal fibre. The odonto- 
blasts proper are concerned in the production of the 
dentinal matrix, according to some by a continuous 
growth of the distal or outer part of the cell and 
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a petrification of this increment, according to others 
by a secretion by the cell of the dentinal matrix. 
Waldeyer, Tomes, and others, consider the odontoblasts 
proper concerned in the production both of the dentinal 
matrix and dentinal fibres. The odontoblasts proper 
and the spindle-shaped cells are continuous with the 
branched cells of the pulp matrix. 

233. Development of teeth. — ^The first rudi- 
ment of a tooth in the embryo appears as early as the 
second month. It is a solid cylindrical prolongation of 
the stratified epithelium of the surface into the depth 
of the embryonal mucous membrane. Along the 
border of the jaws the epithelium appears thickened, 
and the subjacent mucous membrane forms there a 
depression — ^the primitive dental groove. Into this 
groove the solid cylindrical prolongation of the surface 
epithelium takes place. This prolongation represents 
the rudiment of the enamel orgcm. While con- 
tinuing to grow in the depth, it soon broadens at its 
deepest part^ and the surrounding vascular mucous 
membrane condenses at the bottom of the prolongation 
as the rudiment of the tooth papilla. While the distal 
part of the enamel organ continues to grow towards tiie 
depth, it gradually embraces the tooth papilla in the 
shape of a cap — the enamel ca/p. During this time the 
connection between the surface epithelium and the 
enamel cap becomes greatly thinned out and pushed 
to one side, owing to the growth of the enamel cap and 
papilla taking place chiefly to one side of the original 
dental groove. 

234. The enamel cap (Fig. 105) is composed of 
three strata — an inner, middle, and outer stratum. 
The inner stratum is the layer of the enamel cells ; it 
is a layer of beautiful columnar epithelial cells ; they 
were originally continuous with the deep layer or the 
columnar cells of the surface epithelium. The middle 
stratum is tlie thickest and is of great transparency. 
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owing to a trimsfonn&tion of the middle layer of the 
epithelial cells into a Bpong}* geUtinous tissae, due to 
accumulation of fluid between the epithelial cells 
of this layer, and to a reduction of ita substance 
to thin nucleated plates, apparently branched. The - 




outer stratum consists of one or more layers of 
polyhedral cells, coatinuous ^fitb the deep layers of 
cells of the epithelium of the surface of the gum. 
Outside the enamel cap is the gelatinous vascular 
tissue of the mucous membrane of the gum. 

235. The fretal tooth papilla is a vascular embryo- 
nal Or gelatinous tissue ; on its outer surface a con- 
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dexisatian of its odls is soon noticeable into a more or 
less contiimosits stratum of elongated or columnar cdls^ 
the odontoblasta 

2d6. Thei dendnff is formed in oonnection -with 
ibe odontoblasts (Fig. 105) ; on its outside appears the 
enamel formed by the efnam^l eaUsy ie., the inner 
layer of the enamel organ. The dentine and enamel 
are deposited graduallj, and in layers. At first they 
are soft tissues, showing a vertical differentiation 
corresponding to the indiyidual cells of the enamel 
ceUs and odontoblasts respectively. Soon lime salts 
are deposited in it, at first imperfectly, but afterwards 
a perfect petrifaction takes place. The layer of most 
recently formed enamel and dentine is more or less 
distinctly marked off from the more advanced layer, 
the most recently formed layer of the enamel being 
situated' nesit to the enamel cells, that of the dentine 
next to the odontoblasts. 

The milk tooth remains buried in the mucous 
membrane of the gum. When it breaks through, the 
enamel remains covered with — Le,, carries wifli it — 
the inner stratutn of the enamel organ only, t.6., the 
enamel cells (Fig. 105, h) ; these at the same time as 
the surface of the enamel increases become much 
flattened, and, finally losing their nuclei, are con- 
verted into a layer of transparent scales, the membrane 
or cuticle ofNasmyth, 

237. Long before the milk tooth breaks through 
the gum, there appears a solid cylindrical mass of 
epithelial cells extending into the depth irom the 
connection between the enamel organ and the epithe- 
lium of the surface of the gum mentioned above. 
This epithelial outgrowth represents the ^erm for 
the enamel organ of the permanent tdoth; but it 
remains stationary in its growth till the time arrives 
for the milk tooth to be supplanted by a permanent 
tooib. Then' thsft rttdiitfent undergoes exactly^ the 

M 
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same chimgeB of growth as Uie eoamd organ of the 
millr tootli did in the first period of imbel life. A 
new tooth is thus formed in the depth of £he alveolar 
cavity of il miUc tooth, and the growth of the former 
in size and towards the surface gradnaUy lifts tJie 
latter out of ita socket 



CHAPTER XXII. 

THE SALIT^RT GLANDS. 

23S. The saJirary glands, according to Uieir 

Btnioture and secretion, are of the following kinds ;-^ 

(1) TVwfl atdivary (Kg. 106), lerotu, or atbuminous 



Tig. 108.— From 
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^ands, Buch as the parotdd tA man and mammals, 
the suVmftxiUaiy and orbital of rabbit, tihe sub- 
maxiLlar; of tiie guinea-pig. Th^ secrete tane, thin, 
watery Hdiva. ." 

(2) J/uoOTu gUmix, snob as the sub-maxillary and 
orbifaal of cat and dog (Fig. 107), the sub-lingnal 




of cat, dog, rabbit, and gumea-pig They secrete 
thinkiah, less watery mucus 

(3) Mixed aalvtary, or muco sizltvary glandji, such aa 
the Bub-maxillary and sub-lingual of man and ape. 

In addition to the three salivary glands — parotid, 
snb-moxillary, and sub-lingaal — there are in some 
cases, as in the rabbit and the guinea-pig, two minute 
additional glands, one intimately annexed to the 
parotid and the other to the sub-maxillaiy, and of the' 
nature of a muooui gland. These are the superior and 
inferior admai^Mavy glands. 
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3)39. Tlie IHunewoite*— Each salifraary ghiid 
is enreloped in a ^fibrous oonneodve tissue eapsule, 
in connection with which, are fibrous tcabecui^ imd 
septa in the interior of the gland, by wlddi thr sab* 
dtaucei of idie latter is sobdivided into Met, these 
again: into lobtUeSi and these finally: into the alveoli 
or acini The duct, large vessels and nerves pass 
to and from the gland by the hilum. The con- 
nective tissue is of loose texture, contains elastic 
fibres, and, in some instances more, in others less, 
numerous lymphoid cells. In the sub-lingual gland 
they are so numerous that they form continuous rows 
between the alveolL The connective tissue matrix 
between the alveoli is chiefly represented by fine 
bundles of fibrous tissue, and branched connective 
tissue corpuscles. 

240. The ducts*— Following the chief duct of 
the gland through the hilum into the interior, we see 
that it divides into several great branches, according 
to the number of lobes; each of these breaks off 
into several branches, one for each lobule. Entering 
the lobule the duct has become very minute, and 
passing along it gives off laterally several minute duots, 
all within &e lobule being the intralobular ductSy 
or the salivaay tvhes of Ffiiiger, the bigger ducts 
being the interhhvZar^ and, further, the interlohoflr 
ducts. Each of the latter consists of a limiting 
membrana propria, strengthened, according to the 
size of the duct>. by thicker oe thinner trabocuite* of 
connective tissua In the chief branches there is pre^ 
s^it. in addition non-striped muscular tissua The 
int^or of the duct is. a cavity lined with a layer of 
columnar ef^ithelial cells. In the largest branchea there 
is, outside this layer and iniade the membrana propria, 
a^ layer of smaljl polyhedral oe^ 

2ilv The intffiilolrailiftr duets, or the saHvary 
tubes of Pfluger, consist of a limiting membrana 
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propria^ irith asiQgle layer of columnar epithelial oells. 
Each of these has a spherical nudeus in about ^e 
middle ; the outer half of the cell substanoe shows very 
marked longitudinal stnation, due to more or less coarse 
fibrillsB (see Fig. 106). The inner hal^ ie., the one 
bordering the lumen of the duct, is only very feuntly 
striated. The outline of these salivary tubes is never 
smooth, but irregular, hence the diameter of the tube 
varies from place to place. 

Not in all salivary glands do the qpithelial cells 
of the intralobular ducts show tikn esarse fibrillation 
in the outer part of their substance; e.g.^ it is not 
present in thd sub-lingual gland of the dog and guinea- 

Pig- 

242. The ends of the branches of the salivary 

tubeis are connected with the secreting paarts of the 
lobule, ie., the acini or alveoli These always very 
confipicuottsly differ in structure from the sativaiy 
tubes, and, as a rule, are lai^r in diameter. That 
part of the duct whidi is in immediate connection with 
the ^veoli is the vmtermediary part, this being inter- 
posed, as it were, between the alveoli and the salivary 
tube with fibrillated epithelium. The intermediary part 
is much narrxywer than the salivary tube, and is lined 
with a single layer of very flattened epitheliid cells, 
each with a single oval nucleus ; the boundary is 
formed by the membrana propria, continued from the 
«alivaiy tube. The lumen of the intermediary part is 
much smaller than that of the salivary tube, and is 
generally lined with a fine hyaline membrane, with 
here and there an oblong nucleus in it. 

At the point of transition of ihe salivary tube 
into the intermediary part there is generally a sudden 
diminution in size of the former, and the columnar 
cells of the salivary tube are replaced by polyhedral 
cells ; this is the neck of the intermediary part. In 
some -salivary glands, ee^cially in the mucous, this 
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neck is the only portion of the intermediary part 
present^ e.^., in the sub-maxillary and orbital glands 
of dog and cat, and in the sub-lingual of the rabbit. 
In oilers, especially in the serous salivary glands, as 
in the parotid of man and mammals, sub-mi^illary of 
rabbit and guinea-pig, and in the mixed salivary — 
6.^., sub-ma^Uary and sub-lingual of man and ape — 
there exists after the neck a long intermediary part, 
which gives off several shorter or longer branches of 
the same kind, all of which terminate in alveoli 

243. The alveoli or acini are the essential 
or secreting part of the gland ; they are fiask-shaped, 
club-shaped^ shorter or longer cylindrical tubes, more 
or less wavy, or if long, more or less convoluted; 
many of them are branched. Generally several open 
into the same intennediary part of a aaUvary tube. 
The alveoli are much larger in diameter than the 
intermediary part^ and sightly larger, or about as 
large, as the intralobular ducts. But there is a 
difference in this respect between the alveoli of a 
serous and a mucous salivary gland; in the former 
the alveoli are smaller than in the latter. 

The membrana propria of the intermediary duct 
is continued as the membrana propria of the alveoli 
This is a reticulated structure, being in reality a basket- 
shaped network of hyaline branched nucleated cells 
(Boll). The lumen of the alveoli is very minute in 
the serous, but is considerably larger in the mucous 
glands ; it is in both glands smaller during secretion 
than during rest 

244. The epithelial cells lining the alveoli are 
called the salivary cells — they are of different 
characters in the different salivary glands, and chiefly 
determine the nature of the gland. The cells are 
separated from one another by a fluid albuminous 
cement substance. (1) In the serous or true salivary 
glands, as parotid of man and mammals, sub-maxillary 



Chap. XXII.] The Salivary Glands, 183 

of rabbit and gttinear-pigy the saliTiury cells fonn a 
single layer of shorter or longer eolnmnar or pjra- 

' midal o^UAjmwMnM ceUs, composed of a densely reticu- 
lated protoplasm, and containing a spherical nucleus in 
the outer part of the cell. (2) In the mucous glands, 
such as ^e sub-lingual of the guinea-pig, or the 
admaxiUajy 1^ the same animal, ^e cells lining the 
alveoli form a single layer of goblet-shaped mtu:<yu8 
celkf such as have been described in par. 25. Each 
cell consists of an inner principal part^ composed of a 
transparent mucoid substance (contained in a wide- 
meshed reticalum of the protoplasm), and an outer 
amall, more opaque part, containing a compressed and 
flattened nucleus This part is drawn out in a fine 
extremity, which, being curved in a direction parallel 
to the surface of the alveolus, is imbricated on its 
neighbours. 

245. In the case of the sub-maxillary and orbital 
glands of the dog, the sub-lingual of rabbit, there exists 
in addition to^ and outside of the nmcous cdU lining 

' the alveoli, but within the membrana propria, from 
place to place crescentic masses, being the demilwaea 
of Heidenhaiuj or the crescents of Giomtizzi (see Fig. 
107). £ach is composed of several polyhedral granu- 
lar-looking cells^ each with a spherical nucleus; the 

•cells at die margin of the crescent are of course 
thinner than those forming the middle. Heiden- 
hain and his pupils, Lavdovski and others, have 
shown that, during prolonged exhausting stimula- 
tion of the sub-maxillary and orbits^ of the dog, 
all the lining cylindrical mucous cells become fo- 
plaoed by small polyhedral cells, similar to those 
oonsltitttting the crescents, while at the same time 
the alveoli become smaller (Eig. 108). These ob- 
servers maintain that this chaise is due to a total 
destruction of the mucous cells, and a replacement 
of them by new ones, derived by multiplication 
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from the oresoent oeUo. Thii is impndtahlfi, atnoe, 
during ordinal; condilians ol seombions, -tlwre is no 
dinppeanuioe <^ tbenmeoaaoeUaMAiu^; Uw^ ohange 




coUapte 
mto the small 

Heidenbamuid 
fau pupiis. 

■5;7;;"„.«,. .... ^.^ ,,. , 2" The 

I* """Ik fdveoli of the 

■ub-lu^oa] of 
the dog are again diffcavnt in stmotnre both from thoae 
of the sub-maxiUary of the &ag and of the aub-lingual 
of guinea-pig, for the alveoli are there lined either 
witb mucouB oelb or with columnar mlbuminotu 
cells, or tlie two kinda of celb follow one another 
•n tA« »am» o/twrfu*. 

Thia ^nd is a sort of intermediate form be- 
tween the Bub-lingoal <tf man and the nib-maxillary 
of man uid ape, is., the mixed or muco-salivMy 
glands. In these the great nombw of alreoli are 
aerouB, i,t., small, with small lumen, and lined with 
albuminous cells, whereas there are always present 
a few alveoli exactly like those of a muoous gland. 
The two kinds c^ alveoli are in direct continuity with 
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one another. In some conditimiB there are only very 
few muoous alyeoli to be met with wiUun the lobule, 
BO few sometimes tJiat thej saem to be altogether 
absent ; in others the; are numerous, but even under 
most favourable conditions form only a fraction f£ the 
nombw of the flerouB alveelL fat Hba aib-Ungual of 
man they are macii more frequent, and for this reasmi 
tins gland possesses a great resemblance to the sub- 
lingual of tiie dog. 

What /^qwar to be orwcente in the mucous alveoli 




of the human gland tu« sn oblique view of olbundnous 
cells lining the alveoli at the traniiition between tlie 
UHiODUB and serous part of the same gland-tube. 

247. The columoar salivary cells lining the alveoli 
of the sub-maxillai; of the guinearpig in some condi- 
tions show two diitwct portitnu, an outer homogeneous 
or slightly and longitudinally striated substance, and 
an inner, more transparent, granular-looking part, and 
in this respect the cells resemble those of the pancreas. 
(See a future chapter.) 

Langley has diown (Fig. 109) that dnnng the 
period preparatory to secretion the cells lining the 
alveoli of the serous salivary glands become enlaiged 
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and filled with coarse grantiles; during secretion 
these granules become used up, so that the cell- 
substance grows more transparent, beginning from tiie 
outer part of the cell and gradually progressing to- 
wards the lumen of the alveolus. 

248. Blood-vessels and lymi^iiatlcsr— The 
lobules are richly supplied with blood-yessela The 
arteries break up into numerous capillaries, which 
with their dense networks surround and entwine the 
alveoli Between the interalveolar connective tissue 
carrying the capillary blood-vessels and the membrana 
propria of the alveoli exist lymph spaces surrounding 
the greater part of the circumference of the alveoU 
and forming an intercommunicating system of spaces. 
They open into lymphatic vessels accompanying the 
intralobular ducts, or at the margin of the lobule 
directly empty themselves into the interlobular 
lymphatics. The connective tissue between the lobes 
contains rich plexuses of lymphatics. 

249. The nerre-imuiclies form plexuses in 
the interlobular tissua In connection with them are 
larger or smaller gamgUa. They are very numerously 
met with in the sub-marillary, but are absent in the 
parotid. Some ganglia are present in connection with 
the nerve-branches surrounding the chief duct of the 
sub-lingual gland. 

Pfiuger maintains that the ultimate nerve-fil»re8 
are connected with the salivary cells of the alveoli 
in man and mammals, but this remains to be proved. 
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CHAPTER XXIII. 

THB MOUTH, PHABTNZ, AND TONGUE. 

250. The i^laJids*— Into the cavity of the 
mouth and pharynx open very numerous minute 
glands, which, as regards structure and secretion, are 
either serous or mucous. The latter occur in the 
depth of the mucous membrane covering the lips of the 
mouth, in the buccal mucous membrane, in that of the 
hard palate, and especially in that of the soft palate 
and the uvula, in the depth of the mucous membrane 
of the tonsils, at the back of the tongue, and in the 
mucous membrane of the pharynx. The serous glquds 
are found in the back of the tongue, in close proximity 
to the parts containing the special organs for the 
perception of taste — ^the taste goblets or buds {see 
below.) All glands are of very minute size, but 
when isolated they are perceptible to the unaided eye 
as minute whitish specks, as big as a pin's head, or 
bigger. The largest are in the lips, at the back of 
the tongue and soft palate, where there is something 
like a grouping of the alveoli around the small branches 
of the duct^ so as to form little lobules. 

251. ^The chief duct generally opens with a narrow 
mouth on the free surface of the oral cavity; it 
passes in a vertical or oblique direction through the 
superficial part of the mucous membrane. In the 
deeper, looser part (submucous tissue) it branches 
in two or more small ducts, which take up a number 
of alveoli. Of course, on the number of minute ducts 
and alveoli depends the size of the gland. 

In man, all ducts are lined with a single layer of 
columnar epithelial cells, longer in the larger than 
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in the Bmaller ducts; in mammalB, tbe epitbelium 
is a single layer of polyhedral cells. No fibrillaldoa 
is noticeable m the epitjielial cells. At the transition 
of the tenninal dncbs into the alveoli there is occaaion- 
ally a slight enlargement^ called the it^wndyyul-wm; 
here the grannlar- 
lootiag epithelial 
«e)k of the dnct 
change into the 
columnar transparent 
miicons cells lining 
the aiveoli- 

252. Tte alveoli 
of these glands are 
identical With those 
of the mucous glands 
described above (Fig. 
110)— e.51., the. sub- 
lingual gland, as re- 
gards size, tubular 
branched nature, the 
lining epitheliuiD,and 
lumen. 

In some instances 
(as in the soft palate 
.—Part of a Lobitls of a Mncoaa and tongue) t^e duct 
l«ad in the Tongue ol DC*. „-„_ *v„ ™„ ;„„ j 

.,»>. .u M-ioT™ r. ™,... ""r 'le opo™>! » 
imvetuiu: tiwrimliudwuiiiriDnvFEt imed 'With citiat^ 
"nncouHllaj^' iLaart, Ubca wluiuuU , .,, _. 

puiEHini ceiii. (Atiu.) columnar epttnelium. 

Hie stratified epithe- 
lium of the surface is generally continued a short dis- 
tance into the mouth of the duct. 

253. The serous Btands at the root of the 
tongue (von Ebner) differ from the mucous chiefly 
in the size, epithelium, and lumen of the alveoli 
These are of exactly the same nature and structure 
as those of the serous or true ealivary glands. 
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Saliva, obtamed from the mouth contabu^- num- 
bers of epithelial, scales, detached from the surface 
of the miu)Dus: membran% groups of bacteria and 
miciX)C06ci, and IjQipb Qos^usdea. Some of these are 
in a state of difizntc^^iooi, while others are swoll^n 
up. bj the water of the saJiva. In these there, are 
contained numbers of granules in rapid oscillation, 
called Brownian m^deoular movement. 

254 The nmcoins latenilNrfuie lining the cavity 
of the mouth is a thin membrane covered on its free 
surface with a thick stratified pavement epithelium^ 
the most superficial cella being scales, more or less 
homified. 

Underneath the epithelium is a somewhat dense 
feltwoKk of fibrous connective tissue,, with numerous 
elastic fibrils in networks. This part is the m\kco9xi^ 
and it projects, into the ^ithelium in the shape of 
cylindrical or conical papilloB. 

According to the thidknesa of the epithelium, the 
papiH^e difier in length. The longest axe found where 
the epitheliiun is thickest— e.^.^ in the mucosa, of the 
lips, soft palate,, aad uvula. 

Numerous lymph corpusclea are found in the 
mucosa of the palate and uvula» Sometimes th^y 
amount to diffuse, adenoid tissue. The deeper part of 
the mucous membrane is the sulmmcosdu It is looser in 
it«rtezture„ but^ it is also composed of fibrous connec- 
tives tissue with elastic fibrils. The. glands arC' here 
ejubedded.; fat tissue in the shape of groups of fat 
cells u^: to continuous lobules of &kt celk. are here to 
h» met with, The large; vascular and nervous trunks 
pass to and from, the submucosa. 

2b6m SMped maseular tlMiia is.foflmd in the 
submucosa. Of the lips^ soft palate^ uvula, and. pala- 
tine arches, it forms a very conspicuous portion — 
0i^«, museulusr sphincter orbiculaiis, with its outrunners 
into the mucous membrane of the lip^ the musolesr of 
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the palate, uvula (levator and tensor palati), and the 
arcus, pcJato-phaiyngeus, and palato-glossus. 

256. The last branches of the arteriis break np in 
a dense eapUlary network on the surface of the mucosa, 
and from it loops ascend into the papills. Of 
course, fat tissue, glands, and muscular tissue re- 
ceive their own supply. There is a very rich plexus 
of veins in the superficial part of the mucosa. They are 
conspicuous by theii* size and the thinness of their wall. 

The lymphatics form networks in all layers of the 
mucosa, including the papillae. The large efferent 
trunks are situated in the submucosa. The last 
outrunners of the nerve brcmches form a plexus ofnon- 
medvMaied fibres in the superficial layer of the mucosa, 
whence numerous primitive fibrHUB ascend into the 
epithelium to form networks. Meissner's tactile cor- 
puscles have been found in the papillss of the lips and 
in those of the tongua 

257. In the pharynx the relations remain the 
same, except in the upper or nasal part, where 
we find numerous places covered with columnar 
ciliated epithelium. As in the palatine tonsils so 
also h^re, the mucosa is infiltrated widi difiuse 
adenoid tissue, and with lymph follicles in great 
numbers. This forms the pho/rynx tonsil of Luschka. 

In the palatine tonsil and in the pharynx tonsil 
there are numerous crypts leading from the sur- 
face into the depth. This is due to the folding of 
the infiltrated mucosa. Such crypts are, in the 
pharynx, sometimes lined all through with ciliated epi- 
thelium, although the parts of the free surface around 
them are covered with stratified {)avement epithelium. 

258. Tlie tongue is a fold of the mucous 
membrane. Its bulk is made up of striped muscular 
tissue (genio-, hyo-, and stylo-glossus ; according to 
direction : longitudinalis superior and inferior, and 
transversus lingusB). The lower surface is covered 
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with a delicate muoouB membnoie^ identical in Btruc- 
tnre with that lining the rest of the oral cavity, 
whereas the upper part is covered with a mem- 
brane, of which the mucosa projects over the free 
surface as exceedingly numerous fine and short hair- 
like processes, the papUkeJiliformeSf or as less nume- 
rous isolated somewhat longer and broader mushroom- 
shaped papiMcB fu/ngiformes. The papiUss, as well as 
the pits between them, are covered with stratified 
pavement epithelium. Each has numbers of minute 
secondary papillae. Their substance, like the mucous 
membrane of the tongue, is made up of fibrous 
connective tisfinie. This is firmly and intimately 
connected with the fibrous tissue forming the septa 
between the muscular bundles of the deeper tissue. 
The mucous membrane is on the whole fchin. It 
contains large vascular trunks, amongst which the 
plexus of veins is very conspicuous. On the surface 
of the mucosa is a rich network of capillary blood- 
vessels, extending as complex loops into the papillss. 
Lymphatics form rich plexuses in the mucosa and 
in the deep muscular tissue. Fat tissue is common 
between the muscular bundles, especially at the back 
of the tongue. 

259. There are two varieties of glands present 
in the tongue, the mucous and serou& The latter 
occur only at the back, and in the immediate 
neighbourhood of the taste organs; the mucous 
glands 1^ chiefly present at the back; but in 
the human tongue there are small mucous glands 
(glands of Nuhn) in the tip. All the glands at 
the back are embedded between the bundles of 
striped muscular tissue, and thus the movements 
of the tongue have the effect of squeezing out the 
secretion of the glands. Near and about the glands 
numerous nerve bundles are found connected with 
minute ganglia. 
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At the root of ihe tongofi tfae auooua membrane 
u mnoh tbiokor, and oontains in its mooosa nnineroiu 
lymph follkleB vaA difiuw adenoid tianie. TboB 




, Prom ^TflrtdcAlBKOdontliroi]^ a CIrotmiTallata PipfllA 

o( Uis TOBKQ* of ftCUld. 

^TUb ant OH] pnudnl tv IMl nil siTerlu Ike told ■roona the ncttlai 

tk tasmuFonini ulinue , ^ tu KtoDi E uOi ! k the pit Iwtvna {be tnid 

wl (lie nplll*i In.tti* ai^UislliiMat llil4 lUIeran aeen (kg "uaH BDti^eM.- 

lAtlH.) 

nmnfflnus knob-libs or fold- like prominencee of the 
immwa ore produced. Then are aJso minnte pita or 
crypts leading into the depth of these prominenoeH. 

260. The p^mn elreiimvallMn (Fig. Ill) 
are large papitlnfungiformeG, each Bnrroniidedbyatofa 
of the mucosa. They contain taste goblets or bn^^— 



i from the fold 
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%.€., the terminal taste organs. At the margin of the 
toi^e, in the region of the circumvaUate papilla, 
there are alway a a few permanent folds, which also 
oontain taste goblets. In some dc«aeetio animals 
these folds assume a definite oi^anisation — e.g., in Uie 
rabbit there is an oval or circular oi^an composed of 
numbere of parallel and permanent folds, 'papAla^ 
Jbiiata. The pafslln fnnglformea of the rest of the 
tongue also contain in some places a taste goblet. But 
most of the taste goblets are found on the papillte cir- 
cUntvaUatcB and fdiatce. In both kinds of eitructur«e 
the taste goblets are placed in several rows close round 
the bottom of the pit, separating, in the papillie 
tnrcumTallatee, the papillw fungifor 
of the mucosa surrounding 
it : in Hm p^illn foUatie 
the (Hts are represented by 
groves separating the indi- 
Tidual folds from one 
another. 

261. The taste vol^ 
>eta or tast« bnd* are 
barrel-shaped structures 
(Fig. 112), extending in a 
T^^cal direction throurit 
the epith^am, from we 
&ee surface to the mucosa. 
Each is composed of a 
layer t& flattened epiUielial 
cells, elongated in t' 
directiom of the goblet, a 
forming its oover; these , 
ant the tegmental eeUt. 
The interior of the goblet 
ia made up of a bundle of Bpindl»shaped or staff- 
shaped taalt ceQt. Each includaa an oval nucleus, 
and is drawn out into an outer and an inner fine 




Fig. ]12.-Three Taaie OoblBtB, 
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extremity. The former extends to the free surfcice, 
projecting just through an opening of the goblet, 
and resembles a fine hair; the latter is generally 
branched, and passes towards the mucosa ; there, 
probably, it becomes connected with a nerve-fibre, the 
mucosa of these parts containing rich plexuses of 
nerve-fibres. 

Into the pits surrounded by taste goblets open the 
ducts of the serous glands only (von Ebner). 



CHAPTER XXIV. 

THE GSSOPHAGUS AND STOMACH. 

262. I. Thb oesoptaai^s. — Beginning with the 
oesophagas, and ending with the rectum of the large 
intestine, the wall of the alimentary canal consists of 
an inner coat or mucous membrane^ an outer or mus- 
cular coat, and outside this a thin fibrous coat, which, 
commencing with the cardia of the stomach, is the 
serous covering, or the visceral prntoneum. 

The epithelium lining the inner or free surface of 
the mucous membrane of the cesophagus is a thick, 
strati^ed, pavement epithelium. 

In Batrachia, not only the oral cavity and 
pharynx, but also the oesophagus, are lined with 
ciliated columnar epithelium. 

The miicous membrane is a fibrous connective 
tissue membrane, the superficial part of which is 
dense-— the mucosa; this projects, in the shape of 
small papillffi, into the epithelium. 

The deeper, looser portion of the mucous membrane 
is the sTibnvueoea ; in it lie small mucous glands, the 
ducts of which pass in a vertical or oWque directicm 
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through the juuooea, in order to open on the free Bur- 
fiace. la man, theae glands are relatively scarce ; in 
camivorouB animals (dog, cat) thej form an almost 
continuous l«jer (Fig 113) 

263 Between the muoosa and itiibmucoiw are 
loagitadmal bundles of non-Htnped musaukr tissue 




Fii 113.— From ii Long 
«, Tfe« itntiaed far 



At the b^^ning of the oesophagus they are absent, 
but soon make tJieir appearance— at first as Bmall 
bundles separated from one another by mosses of con- 
nective tissue; but lower down, a1>out the middle, 
diey form » oontinuona stratum of longitudinal 
bundles. This is the maaaulant n 
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Outside the submuoosa is the muscularis externa. 
This consists of a thicker inner circular and an outer 
thinner longitudinal coat And outside this is the out^, 
or limiting, fibrous coat of the oesophagus. In nian^ 
the outer muscular coat consists of non-striped muscu- 
lar tissue, except at the beginning (about the upper 
third, or less) of the oesophagus, which is composed 
of the striped variety ; but in many mammals almost 
the whole of the external muscular coat, except the 
part nearest the cardia, Ls made up of istriped fibrea 

264. The large vessels pass into the submucosa, 
whence their finer branches pass to the surface parta 
The superficial part of the mucosa and the papillae 
contain the capillary networks. The outer muscular 
coat and the muscularis mucosae have their own 
vascular supply. 

There is a rich plexus of lymphatics in the mucosa, 
and this leads to a plexus of larger vessels in the sub- 
mucosa (Teichmann). The nerves form rich plexuses 
in the outer fibrous coat; these plexuses include 
numerous ganglia. A second plexus of non-medullated 
fibres lies between the longitudinal and circular mus- 
cular coat; a few ganglia are connected with this 
plexus. In the submucosa are also plexuses of non- 
medullated fibres. Now and then a small ganglion is 
connected also with this plexus. 

265. II. The stomacli. — Beginning with the 
cardia, the mucous membrane of the stomach is covered 
with a single layer of beautiful thin columnar epithdial 
cells, most of which are mucus-secreting goblet cells. 
On the surface of the mucous membrane of the stomach 
open numerous fine ducts ^ glands, placed very closely 
side by side. These extend, more or less vertically, as 
minute tubes, into the depth of the mucous membrane. 
In the pyloric end, where the mucous membrane 
presents a pale aspect, the glands are called the pyloric 
f lands; in the rest of the stomach, whose muooiiB 
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membrane presents a reddish or red-brown appear- 
ance, they are called the peptic glands. Owing 
to the very numerous fine ducts opening on the 
surface of the mucous membrane, the tissue of this 
latter appears on a vertical section to be made up 
of thinner or thicker folds, or villi — plicse villosse. 
But they are not real villi 

The part of the mucous membrane containing 
the glands is the mucosa ; outside this is a loose con- 
nective tissue containing the large vessels — ^this is 
the subrrmcosa. Between the two, but belonging 
to the mucosa^ is the mtMcuIaria m/ucoscCf a thick 
stratum of bundles of non-striped muscular tissue, 
arranged in most parts of the stomach as an inner 
circular and an outer longitudinal layer. The tissue 
of the mucosa is dense, owing to its containing, 
placed closely side by side, the gland tubes. Be- 
tween them is a delicate connective tissue, in which 
the minute capillary blood-vessels pass in a direction 
vertical to the surface. Numerous small bundles 
of non-striped muscular fibres pass from the mus- 
cularis mucosse towards the surface — up to near the 
epithelium of the surface — forming longitudinal mus- 
cular 'sheaths, as it were, around liie gland tubes. 

The plicae villosae of the superficial part of the 
mucosa contain fibrous connective tissue and numerous 
lymphoid cells. 

266. The peptic glands (Fig. 114) are more or less 
* wavy tubes, extending down to the muscularis mucosae. 
The deep part is broader than the rest, and is more 
or less curved) seldom branched. This is the fundus of 
the gland; near the surface of the mucosa is the 
thinnest part of the tube; this is the neck. Two 
or three neighbouring glands join and open into 
the short cylindrical dttct mentioned above. The 
duct is lined with a layer of columnar epithe- 
lial cells, continuous and identical with those of the 
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free surface of the mucous membrane. The cavity of 
the dnot is contiiiue*! as a very fine canal into tlie 
neck and thrai^ the rest of the gland tube. Next 




Fig. U4. Peptic Oluida 
(uhe under ft blfb jiower, p. pftTJetaJOBUi . ccbt«f wlla. 

to the lumen is a continaoua single layer of more or 
less transparent, granular-looking, epithelial cells, 
each witli a reticulated protoplasm and a spherical or 
slightly oval nucleus. In the neck these cells are 
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polyhedral, but E&rther downwards inoreMe to cylm- 
diical c«Ub, and in the fundus of the gland tube they 
toK long cohunjiar. Thia layer of cells bordering tlu 
lumen is the layer of eh\ef , 

«eii» (Heidenhain.) Outside 
them is the limiting mem 
brana propria of the gluid 
tube. But from place to 
place, between the mem 
brana propria and the chief 
cells, are mtgU oval sphe- 
rical or angular large 
granular and opaque-look 
ing cells, called the parietal 
txU» (Heidenhain). These 
are more numerous in the 
neck than in any otJier 
part of the gland ; at the 
fundus they are few and 
far between, whereas at 
the neck they form almost 
a continuous layer. Their 
protoplasm is densely reti 
culated. 

267. The pyloric 
tfaadB (Fig. ll5).~The 
daet of each pyloric gland rig u 
is several times longer than ^010 ry orn ^aa 01 loe 
in the peptic. The duct of stomuh. 
the former occupies in ^ES.^J^t t»!m^«i°'i."tt 
some places as much as ^1^^ "~ m ■cu»r< mamm 
half of the thickness of the 

mucosa, whereas that of the latter does not exceed 
in the fundus of the stomach or in the cardta, more 
than one-fourth or one-fifth of the thickness. 

The epithelium lining the duct of the pyloric 
glands is the same as m that of the [npt c. Each 
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duct takes up two or three tubes by their shorty 
;^rrow, thin neck. The main part of each gland tube 
is convoluted and slightly branched. The neck is lined 
with a layer of polyhedral cells, whereas the gland 
tube has a lining of columnar transparent cells, and 
its lumen is very conspicuous. 

During exhaustion these cells are smaller and less 
transparent than during secretion. Their protoplasm 
in the former state is a denser reticulum &an in the 
latter, the transparent interstitial substance in the 
meshes of the cell reticulum being increased in amount 
during secretion. 

The cells are serous, not mucous, and the se- 
cretion of the glands cannot therefore be mucous. 
According to Ebstein the secretion is pepsin, and 
so he and Heidenhain consider the pyloric glands 
as simple peptic glands. But this view is not generally 
accepted. 

Between the mucous membrane with peptic 
glands and the pyloric end of the stomach with 
pyloric glands there is a narrow ivkJUrmedmry zone^ 
in which the peptic glands appear by degrees to 
merge into the pyloric glands. That is, the short duct 
of the fbrmer gradually elongates, the gland tubes 
get shorter in proportion and convoluted, their 
lumen gradually enlarges, and the parietal cells 
bepome fewer and ^ultimately disappear* 

268. The mucosa contains isolated lymph /oUicle$y 
glandulse lenticulares, and in the pyloric part also 
groups of these — ^glandulse agminatse. 

The submucosa is of veiy loose texture, and enables 
the mucosa to bebome easily folded in all directions. 

"Bie muscular coat is very thick, and consists of 
an outer longitudinal and an inner thicker circular 
stratum of non-striped muscular tissua Numerous 
oblique bundles are found in the inner section of the 
circular stratum. 
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The gland tubes are ensheathed in a longitudinal 
network of capiUa/ry hlood-^vessels derived from arteries 
o£ the submuoosa. This network forms on the surface 
a special dense horizontal layer, from which the v^ous 
branches are derived. The outer muscular coat and the 
muscularis mucosae possess their own vascular supply. 

269. The lymphatics form a network in the 
mucosa near the fundus of the glands. Into this 
plexus lead lymphatics running longitudinally between 
the glands anastomosing with one another freely, and 
extending to near the surface (Lov^). Another 
plexus belongs to the submucosa. 

Between the longitudinal and circular stratum of 
the outer muscular coat^ and extending parallel to the 
surface, is a plexus of non-medullated nerve-branches 
with a few ganglia in its nodes. This corresponds to the 
plexus of Atierbach of the intestine, and is destined 
for the outer muscular coat. A second plexus of non- 
medullated nerve-branches with ganglia also extending 
parallel to the surface lies in the submucosa. This cor- 
responds to the pleoDUs qfMeissner of the intestine, and 
is destined for the muscularis mucosae and the mucosa. 

According to Eabe, the gastric gland tubes in the 
horse are surrounded by a rich plexus of nerve-fibres, 
terininating in peculiar spindle-i^ped cells. 



CHAPTER XXV. 

THE SMALL AKD LARGE INTESTINE. 

270. The epithelium covering the inner or free 
surface of the mucous membrane of the small and 
large intestine is a single layer of coliminar cells, their 
protoplasm more or less distinctly longitudinally fibril- 
lated ; their free surface appears covered with a 
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vertically and 
finely sbriated 
batilar border. 
Many oella are 
gobl«t cells. 
Underneath the 
epithelium is a 



re'i^ theliniB of De- 
bove(eeepar.39). 

As in the Btomaoh, so also 
in the amall and large intee- 
tine, the maeota is oonnected 
nitti the outer muscular coat 
\yj a loose-teictured fibrous »m6- 
mMeoact, in which lie the large 
vascular trunks, and in many 
places larger or smaller groups 
oi fiit cells and Ijrmj^ cor- 
puscles. Between the mucosa 
and Bubmuooea, but belongwg 
to the f<wmer, is a layer of 
non-etriped muscular tissue, 
the m/uaeulari» muooKB. This 
is in many places composed of 
inner circular and outer longi 
tudinal bundles, but there are 
a good many places, especially 
in the smoU intestine, where 
only a layer of longitudinal r, 
bundles can be made out. 

The tissue of the mucosa is 
Rimilar in structure to adenoid 
tisBue (Fig. 116), consisting of fifg^^i 
a reticular mittrix with fiat- '„,'iS2?." 




•ig 117— From li VpUal 
SMtioutlinnigli ths Maana 
'XenabcKM or Vba Idift 
Intwtbw ot Dos- 
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tened large nucleated endotheloid cells and numerous 
smaller lymph oorpuBclea. The mucosa of the amal) 
and large intestine contains simple gland tubes, the 
trypU or /oUielea 1^ LieberkHhn (Pig. 117); they 
are placed vertically and cloeely side by side, extend- 




ATbeniiiain,eeinuliilng Uie cnpu of LleberkBhn.ud pnficUBC 
uIkttilll;KsmuKulvl>niuc<iiH;i,iDtininniK. |AIh7| 

ing from the free surface, where they open, to the 
urascnloris mucosae. These glands posseBB a large 
lumen, and are lined with a single layer of columnar 
epithelial cells, many of them goblet cells. 

271. In tbe small intestine the tissae of the 
mucosa projects beyond the general surface in the 
shape of very numerous fine, longer or shorter, cylin- 
drical, conitsl or leaf-shaped viUi (Fig. 118). ^ese 
are, of course, covered with the columnar epithelium 
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of tihe general sur&ce, and their tissoe is the same as 
that of the mucosa — t.e., adenoid tissue — ^th the 
addition of ; (a) One or two central wide chyle (lymph) 
vedsela (see Fi^. 120), their wall being a fongle layer 
of endothelial plates. (6) Along these chyle vessels 
are longitudinal bundles of non-striped musculfu* tissue, 
extending from the base to the apex of the villus, 
terminating in connection with the cells of the base- 
ment membrane — %.e^ the subepithelial endothehiim 
(c) A network of 
capillary blood 
Tessels extending 
over the whole of 
the villus close to 
the epithelium of 
the surface (Fig 
119) Thisoapil 
lary network de- 
rives its blood 
from an artery in 
about the middle 

F« 119 -From » Vertiol B«tion th™gl, »'" 'Pf"" ^ ^^ 

tha BnuU Int«tine of Xonae ths Blood thevUlus. TwOve- 

«».lB»elnie«t»L nous vessels carry 

Tlie Htwoikiar be ap l»ri™nf he » Hire ., ,, "i 

wg] umwn. A u. away the blood 

from the villus. 

The TJeberkiihn's crypts open between tiie bases of 
the villi 

At the sides of the villi of the small intestine, 
and at the sides of the pllcsB villosce of the stomach 
(see a formw chapter), theore exist amongst the epitJie- 
lium of the Bur^ice peculiar goblet-shaped gronps (& 
epithelial cells, which, as Watney has shown, are due 
to local multiplication of the epi^elial cells. 

272. Lymph follicles occur singly in the siibmuoosa, 
and extend with their inner part or summit through 
the muscniaris mucosEe into the mucosa to near the 
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internal free Burfaoe of the latter (Fig. ISO). These 
are the aoIUary lytnph/oUielM of the small and large 
intestine; in tiie latt«r they are larger than in i£e 
former, 

Agminated glands, or Peyer't gland*, are lai^r or 
f lymph foUioles, more or lees fused 




with one another, and situated with their main part 
in the submnoosa, bnt extending with their summit 
to Uie epithelium of the free surface of the mucosa. 
In the lower part of the ileum these Peyer's glands 
are very numerous. The epithelium covering the 
■Dromits (tf these lymph follicles is inraded by, and 
more or less replaced by, the lymph corpuscles of the 
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adenoid tissue of the follioles (Watney), similar to 
what is the case in the tonsils (see par. 124). 

The outer muscular coat consists of an inner thidcer 
circular and an outer thinner longitudinal stratum of 
non-striped muscular tissue^ 

In the large intestine, in the '< ligamenta," only 
the longitudinal layer is present, and is much thickened. 

273. The blood-vesse]|i form separate systems of 
capillaries for the serous covering, for the outer mus- 
cular coat, for the muscularis.muoosse, and the richest 
of all for the mucosa with its LieberktLhn's crjrpts. 
The capillary network of the villi is connected with 
that of the rest of the mucosse. 

The chyle vessel, or vessels of the villi, commence 
with a blind extremity near the apex of the villi 
At the base the chyle vessel becomes narrower, and 
empties itself into a plexus of lymphatic vessels and 
sinuses belonging to the mucosa, and situated between 
the crypts of Lieberkiihn (Fig. 120). This network is 
the same both in the small and large intestine, as 
is also that of the lymphatics of the submucosa with 
which the former communicates. The lymph follicles 
are generally surrounded with sinuous vessels of this 
plexus. The efferent trunks of the submucous plexus, 
while passing through the outer muscular coat in order 
to reach the mesentery, take up the efferent vessels of 
the plexus of the lymphatics of the muscular coat. 

The ehyle, composed of granules and globules 
of different but minute sizes, passes from the inner 
free surface of the mucous membrane of the small 
intestine through the epithelium (probably through its 
fluid interstitial cement substance) into the reticulum 
of the villus matrix, and from thence the central 
chyle vessel, and farther into the plexus of vessels 
of the mucosa and submucosa. 

Owing to the peripheral disposition of the 
capillaries in the villi, and owing to the greater 
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filling Tith blood of the capOlories during digeation, 
tiw villi are thrown into a state of tui^^eecence during 
this period, in oonseqneuce of whicb the central chyle 
veBsels are kept distended. Absorption is thus 
greatly supported. The contraction of the muscular 
tissue of the villi and of the muscular coat of the in- 




testine greatly facihtat«a the absorption and disdiarge 
of the (£yle 

274 The non medullated nerves form a rich 
ploxos, called the the plexus ■myenterwua 0/ AuerbmA 
(Fig 120a), with groups of ganglion cells in the 
no<^ , this plexus hes between the longitudmal and 
oiroular muscular coat Another plexus connected 
with the former hes in the submucous tissue , this 
IS the pUxus of Metetntr, with ganglia. In both 
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plexuses die braiudies are of a vei; rariable thickneas ; 
tliey are gronpa of dinple axis oyUnders, held togetiier 
\f^ a delicttte andotheluLl sheath. 



CHAPTER XXVI. 

THE 0LAND8 OF BRUNNEB, AMD THE PANCSEA8. 

275. At the passage of lie pyloric end of the 
stomach into Uie duodenum (Fig. 121), and in the first 
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part of the latter, is a continaoiui layer of gland tissae 
in the Bubmucosa, composed of convoluted, more or less 
branched tubes grouped into lobules, and permeated 
by bundles of non-striped muscular tissue, outrunners 
of the muscularis mucosce. These are the glands qf 
JBrufiner. Kumeroos thin ducts lined with a single 
lajer of columnar epithelial ccUb pass through the 
mucosa, and open into the crypts of Lieberkiihn be- 
tween the bases of the villi. The gland tubes of 
Brunner's glands are identical in slmelwe wit/t the 
pyloric glwnds, vnt/h which they /orm a direct atia- 
tomical eontitvuity. 

276. The pancreas (Fig. 122) is in most respects 
identical in struc- 
ture with a serous 
or true salivaiy 
gland The connec- 
tive tissue frame- 
work, the distribu- i 
tion cd the blood- ' 
vessels and lym- 
phatics, and of the « rA 
gland tissue in lobes "^^S S 
and lobules, with the ^WJf 
corresponding inter- ^ E>, 
and intrii - lobular <;, 
ducte, is similar in 

both cases. The , 

epithelium lining a ^ _ 

the latter ducts is 

only faintly striated, sig lai —Prom % ShsUoii thiooeh Uis 
not by any means ^ ™H^^;ZTflf°L .h. ,1=,= 
so distinctly as in *Mlii.h^iiipl!i!??ii™oB?!iM5>ana dinner 
the sauvary tubes. (Atiu.i 
The alveoli or acini 

are club-shaped, flask-shaped, shorter or longer cylin- 
drical, and convoluted. 
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277. The intermediary part oH the duet and its 
passage into the alveoli is the same as in the 
salivary glands. The cells lining the alveoli are 
columnar or pyramidal, and show an outer homo- 
geneous, or faintly and longitudinally striated zone 
(Langerhans, Heidenhain), and an inner more tran- 
sparent granular-looking zone. The nucleus of the 
cell is spherical, and lies in about the middle. According 
to the state of secretion the two zones vary in amount, 
one at the expense of the other. 

The lumen of the alveoli is very minute, and 
in the beginning of the alveoli, i.e., next to the 
intermediary part of the duct, are seen spindle-shaped 
cells occupying the liunen, the c&nlroaAymou9 cells of 
Langerhans. 

In the rabbit's pancreas Kiihne and Lea have 
shown that there are peculiar accumulations of cells 
between the alveoli, which are supplied with veritable 
glomeruli of capillary blood-vessels. 



CHAPTER XXVII. 

THE LIVER. 

278. The outer surface of the liver is covered with 
a delicate s&rouB membrcme^ the peritoneum, which, 
like that of other abdominal organs, has on its free 
surface a layer of endothelium. It consists chiefly of 
fibrous connective tissue. 

At the hilum or porta hepatis this connective 
tissue is continued into the interior, and becomes one 
with the connective tissue of the GliasorCs ca^svle^ or 
the irUerlohvZa/r cwmective tissue (connective tissue 
of the portal canals). This. tissue is fibrous, and 
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iDsxei or leea UmelUted, by it the snbstanoe of 
the liFer la aubdivided into numeroufl, more or less 
polyhedral, solid fo&u^ or accn* (Fig 123),eachabout 
-^th of an inch in diameter Acoording to whether 
the laterlobular 

tissue forma com ^/'-—^^^ ^ 

plete boundanea ' V ,-— 

or not, the acini — \ " 

appear irell de- I 
fined from one 
another (pig, ice- 
bear), or more or 
less fused (man 
and camivoroua 

animala and ro- ,. ^ 

denta) [ ^ ^ 

Within each r 1 

acinus there is j, 

only very scanty /^— ~~— , — -^ 

connective tissue, Fig its — Fram & Seotion through the LiTfli 
m me Snape OI ,„^ aepiaated (rom ana aaothor b/ the 

extremely delicate interiobntor tisnw 

bundles and flat- '■i;£3SS;!Sb^'^1^"™^.SSSS[SS 

tened connective- SSJ^lJSf^iS^^bJSj^'iStiSUtorutSlS 

tiaane cells. Occa- 

Bionally, especially in the young liver, migratory 

cells are to be met with in the acini and in the tissue 

between them. 

279. The vena porta having entered the hilnm 
gives off rapidly numravus branches, which follow the 
interlobular Idssue in which they are situated, and 
tliey form rich phxuMS arownd each aeinuf/ theae are 
^e inUrMiular veins (Fig. 124). Numeroua oapUlary 
blood-vesaeis are derived from theae veina. These 
capillaries pass in a radiating direction to the centre 
of the acinus, at the same ^me anaatomoaing with 
one another by numerous transverse branches. In the 
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centre ot the acinus the capillaries become oon- 
flueat into one large veio, the eentrai or intraMyuiaT 
vein. The intralobular veins of several neighbouring 
acini join so as to form the tuhlobida/r veiru, and 
these lead into the efferent veins of the liver, or 
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the hepatic vei/tu, which finally pass into the vena 
cava inferior. 

280. The substance of each acinus — i.e., the 
tissue between the capillary blood-vessels — is com- 
posed of uniform polygonal protoplasmic epithelial 
cells, of about ttfths^^ °^ ^^ "^"'^ ^ diameter ; these 
are the liver eeUa. Owing to the peonliar, more or 
less radiating, arrangement of the capillaries, the liver 
cells appear to form columns or c^tinders, also more 
or less radiating from the periphery towards, the 
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o^tre of the acinua Sometimes the liver oella contain 
minute |agment granules. 

Each liver cell shows a more or less fibrillated and 
reticulated protoplasm (Kupfer), and in the centre a 
spherical nncleus with its reticnlam, generally %fitli 
one or mc»« nucleoli. 
During activity the ^ 
liver cells are ki^er 
and look more gran 
olar than after 

The liver cells 

are joined with one "^ 

anotiier by an albu ••^C^ 

minons cement sub- , ^ ^^ ~ ^ 

stance m which are J ^ 

left fine channels 

these are the hU 

eatnllarieB or intra- ^'^' l^^— I'roin a Lobule at the Lirar <t 
capuuines, or intra- s^bUt. in which Blood and BOb V«»1i 
lobular due vessels liad lieen iDje<:t«d, more highly magaliied 

(Fig. 126). In »j^J°f*"^, 

Buccessfully injected '■» weirBtxn^ u n^^i^ p^goiiJ ce»S 

E reparation, the wooit-TiBMri. (Auij"'" '""' ci lapiuMT 
ver cells appear 
separated everywhere from one another by a bile 
capillary, and Uum form far the whole acinua a con- 
tiavuoiu intereommwnicating 7ie(wor/c of minute 
channels. Where the liver celk are in contact wiUi 
a capillary blood-vessel, there, of course, are no bile 
capillaries, since these exist only betioeen liver cells. 

281. At the margin of the acinus the bile capil- 
laries are connected with the lumen of minute tubes ; 
these possess a membrana propria and a lumen lined 
with a single layer of transparent polyhedral epithelial 
cells. These are the small interlobiilar 6i/e dwstt 
(Pig. 124). Their epithelial cells are in reality con- 
tinuous wit^ t^e liver cells. . They join so as to form 
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the harger interlobular bile duets, lined with more or less 
columnar epithelium. The first part of the bile duct 
lined with polyhedral cells corresponds to the inter- 
mediary part of the ducts of the salivary glands. 
The interlobular bile ducts form networks in the inter- 
lobular tissue. Towards the hilum they become of 
great diameter, and their wall is made up of fibrous 
tissue, with non-striped muscular tissue. SmaU 
mucus-secreting glands are in their wall, and open. 
into their lumen. 

The wall of the hepatic duct, and of the gall 
bladder, are merely exaggerations of this structure. 

282. The hepatic artery follows in its ramification 
the interlobular veins. The arterial branches form 
plexuses in the interlobular tissue, and they supply 
the capillary blood-vessels of the interlobular con- 
nective tissue, and especially of the bile ducts. The 
capillary blood-vessels of the bile ducts join so as 
to form small veins which finally empty themselves 
into the interlobular veins. The anastomoses of the 
capillary blood-vessels, derived from the arterial 
branches, directly with the capillary blood-vessels of 
the acini, are insignificant (Cohnheim and Litten). 
The serous covering of the liver contains special 
arterial branches — ^rami capsulares. Networks of lym- 
phatics — deep lymphatics — are present in the inter- 
lobular connective tissue, forming plexuses around 
the interlobular blood-vessels and bile ducts, and 
occasionally forming a perivascular lymphatic around 
a branch of the hepatic vein. Within the acinus, 
the lymphatics are represented only by spaces and 
clefts existing between the liver cells and capillary 
blood-vessels; these are the intralobiUar lymphatics 
(Macgillivry, Frey, and others). They anastomose 
at the margin of the acinus with the interlobular 
lymphatics. 

In the capsule of the liver is a special network 
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of lympbatios, called the superficial lymphatics. 
Numerous branches pass between this network and 
those of the interlobular lymphatics. 



CHAPTER XXVIIL 

THE ORGANS OF . RESPIRATION. 

283. I. The larynx. — The supporting frame- 
work of the larynx is formed by cartilage. In the 
epiglottis the cartilage is elastic and reticulated, 
i,e., the cartilage plate is perforated by numerous 
smaller and larger holes. The cartilages of Santorini 
and Wrisbergii, the former attached to the top of 
the arytenoid cartilage, the latter enclosed in the 
aryteno-epiglottidean fold, are also elastic. The 
thyroid, cricoid, and arytenoid cartilages are hyaline. 
All these are covered with the usual perichondrium. 

A small nodule of elastic cartilage is enclosed in 
the front part of the true vocal cord. This is the 
cartilage of Luschka. 

The mucous membrane linmg the cavity of the 
larynx (Fig. 126) has the following structure : — 

The epithelium covering the free surface is 
stra>tified colv/mnar ciliated, i.e., the most superficial 
layer is made up of conical cells with cilia on their 
surface ; then between the extremities of these cells 
are wedged in spindle-shaped and inverted conical cells. 
Kumerous goblet cells are found amongst the superficial 
cells. The two surfaces of the epiglottis and the 
true vocal cord are covered with stratified pavement 
epithelium. 

Underneath the epithelium is a basement mem- 
brane separating the former from the mucous mem- 
brane proper. 
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284 The mncous membrane is delicate connective 
tissae with, nameroos lymph corpuBclea. In the pos- 
t«rior surface of the epiglottis, in the Mse vocal cord. 
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and in the lower parte of the larynx, but especially in 
the ventricle, this infiltration amounts to diffuse 
adenoid tissue, and even to the localisation of this 
as lymph follicles. In both surfaces of the epiglottis, 
and in the true vocal corda, the mucosa extends into 
the stratified pavement epithelium in the shape of 
minute papilla. 
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In the lower part of the larynx the mucous mem- 
brane contains bundles of elastic fibres connected into 
networks, and running in a longitudinal direction 
These elastic fibres are found chiefly in the superficial 
parts of the mucous membrane. In the true vocal 
cord the mucosa is entirely made up of elastic fibres 
extending in the direction of the vocal cord. 

286. The deeper part of the mucous membrane is 
of loose texture, and corresponds to the sub-mucosa ; 
in it are embedded nimierous mucous glands, the ducts 
of which pass through the mucosa and open on the 
free surface. The alveoli of the glands are of the 
nature of mucous alveoli, i.e.y a considerable lumen 
lined with a layer of mucous goblet cells. There are, 
however, also alveoli lined with columnar albumiaous 
cells, and such as have both side by side, as in the 
case of the sub-lingual gland of the dog. The ciliated 
epithelium of the surface in some places extends also 
for a short distance into the duct. The true vocal 
cords have no mucous glands. 

The blood-vessels terminate as the capillary net- 
work in the superficial — ft.e., sub-epithelial — layer of the 
mucosa; where there are papillse — i.e., in the epiglottis 
and true vocal cord — these receive a loop of capillary 
blood-vessels. The lymphatics form superficial networks 
of fine vessels, and deep submucous networks of large 
vessels. These are of enormous width and size in the 
membrane of the anterior surface of the epiglottis. 
The finer nerves form superficial plexuses of non- 
meduUated fibres. Here, according to Luschka and 
Boldyrew, there are end bulbs. Taste-buds have 
been found in the posterior surface of the epiglottis 
(Verson, Schofield, Davis), and also in the deeper 
parts of the larynx (Davis). 

286. II. The tracbeau — The trachea is very 
similar in structure to the lower part of the larynx, 
from which it differs merely in pressing the ^ 
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of fayalme cartilage, and in possessing, in tbe posterior 
or membranouB portion, eirtyular bv/ndles of non- 
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alriped mtiaeiilar tiggue, extending, as it were, between 
the ends of tbe rings. Its componi^ut parts are (Fig. 
127) ;— 

(a) A stratified columnar ciliated epitbelinm. 

ib) A basement membrane. 
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(c) A mncosa, with the terminal networks of 
capillary blood-vessels, and infiltrated with adenoid 
tissue. 

{d) A layer of longitudinal elastic fibres. 

(«) A loosely-textnred submucous tissue, contain- 
ing the large vessels and nerves and small mucous 
glands. Occasionally the gland or its duct is embedded 
in a lymph follicla 

287. III. The bronchi and the Inngr* — 
The bronchi branch within the lung dendriticJally 
into finer and finer tubes. The finest branches 
are the terminal bronchi In the bronchi we find, 
instead of rings of hyaline cartilage, as in the trachea, 
larger and smaller oblong or irregularly-shaped plates 
of hyaUne cartUage distributed more or less uniformly 
in the circumference of the wall Towards the small 
microscopic bronchi, these cartilage plates graduaUy 
diminish in size and number. The epithelium, the 
basement membrane, the sub-epithelial mucosa, and 
the layer of longitudinal elastic fibres, remain the same 
as in the trachea. The submucous tissue contains 
small mucous glands. 

288. Between the sub-epithelial mucosa and sub- 
mucosa is a comiMmcms Icuyer of cvrcvlcMr non-striped 
muacfdar tissue. In the smaller microscopic bronchi 
this layer is one of the most conspicuous. By the 
contraction of the circular muscular coat the mucosa 
is placed in longitudinal folds. 

The state of contraction and distension of the 
small bronchi bears an important relation to the aspect 
of the epithelium, which appears as a single layer of 
columnar cells in the distended bronchiole, and strati- 
fied when the bronchiole is contracted. 

The distribution of the blood-vessels is the same 
as in the trachea. Lymph follicles are met with in 
the submucous tissue of Uie bronchial wall in animals 
and man. 
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The lymphatic networks of the bronchial mucous 
membrane are very conspicuous. Those of the sub- 
mucous tissue, i,e,j the peribronchial lymphatics, anas- 
tomose with those surrounding the pulmonary blood- 
vessels. 

Pigment and small particles can be easily absorbed 
through the cement substance of the epithelium 
into the radicles of the superficial lymphatics, whence 
they pass readily into the (larger) ieribronchial lym- 
phatics. 

In connection with the nerve branches in the 
bronchial wall are minute ganglia. 

289. Each terminal bronchiole branches into 
several wider tubes called the alveolar ducta^ or infwndi- 
Imla ; each of these branches again into several similar 
ducts. All ducts^ or infundibula, are closely beset in- 
their whole extent with spherical, or, being pressed 
against one another, with polygonal, vesicles — ^the air- 
cells or (dveoli — opening by a wide aperture into the 
alveolar duct or infundibulum, but not communicating 
with each other. The infundibula are much wider 
than the terminal bronchioles, and also wider than 
the alveoli. 

290. All infundibula with their air-cells, belonging 
to one terminal bronchiole, represent a conical struc- 
ture, the apex of which is formed by the terminal 
bronchus. Such a conical mass is a lobule of the lung, 
and the whole tissue of the lung is made up of such 
lobules closely aggregated, and arranged as lobes. 
The lobules are separated from one another by delicate 
fibrous connective tissue; this forms a continuity 
with the connective tissue accompanying the bron- 
chial tubes and large vascular trunks, and with these 
is traceable to the hilum. On the other hand, the 
interlobular connective tissue of the superficial parts 
of the lung is continuous with the fibrous tissue 
of the surface called the pleura pulmonalis. This 
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membr&ne contains numeroas elastic fibres, and 
on the free sur&ce is covered with a layer of endo- 
thelium. 

In some instoncea (guinea-pig) the pleura pnlmo- 
nalia contains bundles of non-striped muscular tissue. 




The lobes of the lung are separated from one 
another by large septa of connective tissue — the liga- 
menta pulmonis. 

291. The terminal bronchi contain no cartilage 
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or mucous glands in their wall. This is made up of 
three coats : (a) a tiny epithelium — a single layer of 
small polyhedral granular-looking cells ; (6) a circular 
muscular coat of non-striped muscular tissue; and 
(c) a fine adventitia of elasidc fibres, arranged diieflj 
as longitudinal networks. 

292. Tracing the elements constituting the wall 
of a terminal bronchiole into the infundibula and air- 
cells (Fig. 128), we find the following changes : (a) the 
polyhedral granular-looking epithelial cells forming a 
continuous lining in the terminal bronchiole, are trace- 
able into the inf undibulum only as larger or smaller 
groups; between these groups of small polyhedral 
granular-looking cells large, flat, transparent, homo- 
geneous, nucleated, epithelial scales make their ap- 
pearanca The farther away from the terminal 
bronchiole, the fewer are the groups of polyhedral 
granular-looking cells. In all infundibula, howeyer, 
the transparent scales form the cliief lining. This 
becomes still more marked in the air-cells. There 
the small polyhedral granular-looking cells are trace- 
able only singly, or in groups of two or three (Elens), 
the rest of the cavity of the air-cells being lined with 
the large transparent scales. 

In the foBtsd state all cells lining the infundibula 
and air-cells are of the small polyhedral granular- 
looking variety (Kiittner). With the expansion of 
the lungs during the first inspiration many of these 
cells change into the large transparent scales, in order 
to make up for the increment of surface. A lung 
expanded smI maximum shows much fewer or none of 
the small polyhedral cells ; while a lung that is col- 
lapsed shows them in groups in the infundibula, 
and isolated or in twos or threes in the alveoli 

293. (6) The circular coat of non-striped muscular 
tissue of the terminal bronchiole is continued as a con- 
tinuous circular coat — ^but slightly thinner — on the 
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alveolar ducts or infandibula, in their whole extent, 
but not beyond them, i.e., not on the air-cells. 

(c) The adventitia of eltatic networks is con- 
tinuea on the infimdlbuia, ajid thence on the air- 
cells, where they fona va oRsenti^ part of the wall 
of the alveoli, being its framework. 

Amongst the network of elastic fibres forming 
the wall of the alveoli is a network of branched con- 
nective tisane cells, contained as nsnal in similarly 
shaped branched lacnnte, which are the radicles of 
the lymphatic vessels. 

294. The blood-vessels and Innphi^tlcBr- 
The branches of the pulmonary artery and veins 
are contained within the connective tissue separat- 
ing the lobes and lobules, wh^ice they can bo 
traced into 

their finer P,S^i^S^iKS^>:^^i>V^ v;i?^ 
ramifications i^B sJ Bites^^iB i v^^a^-' ''^ 'hVil^'- 
towards the in- 
fimdibula and 
air-cells. Each 
of these latter 
is surrounded 
by a sort of 
basket - shaped 
dense network 
of capUlaiy 
blood - vessels 
<Fig. 129). The 
o^riilary net- 
works of adja- Fig. Iif9.— Network* ot OtwfUair Blood-veesela 

cent alveoli are «j™^th.AiT«oifottl«.H™«iLnBg. 

oontinuous 

with one another, and stand in commnnication on the 

one hand with a branch of the pulmonary artery, and 

on die other with branches of the pulmonary vein. 

The branches of tie bronchial artery belong to tie 
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bronchial walls, which are sapplied by them with 
capillary networks. 

The lacune and canalicuH in the wall of the alveoli, 
mentioned above, are the rootlets of lymphatic vessels, 
which accompany the pulmonary vessels, and form a 
network around them ; these are the deep lymphatics, 
or the pervvascuia/r lymphatics. They are connected 
also with the networks of l3rmphatics surrounding the 
bronchi, t.6., the peribronchial lymphatics. The root- 
lets of the superficial air-cells empty themselves into 
the sub-plev/ral plexus of lymphatics, a rich plexus of 
large lymphatics with valves. All these lymphatics 
lead by large trunks into the bronchial lymph glands. 

295. Between the flattened transparei^t epithelial 
cells lining the alveoli are minute openings, stomoUa 
(Fig. 128), leading from the cavity of the air-cells into 
the lymph lacunae of the alveolar wall. These stomata 
are mo» distinct during expansion, ie., impiration. 
than in the collapsed state. Inspiration, by its ex- 
panding the lungs, and consequently also the lym- 
phatics, fjBivours greatly absorption. Through these 
stomata, and also through the interstitial cement 
substance of the lining epithelium, formed particles 
— such as soot particles of a smoky atmosphere, 
pigment artiflcially inhaled, cellular elements, such 
as mucus or pus corpuscles, that have been car- 
ried into the alveoli from the bronchi by natural 
inspiration^ germ-particles, &c., find their way into 
the radicles of the lymphatics ; thence into the peri- 
vascular and sub-pleunil lymphatics, and finally into 
the bronchial glands. 



Ctup. XXIX.] 



CHAPTER XXIX. 

THE SPLEEN. 

296 The capsule «iivelopmg the apleen la a 
reus membrane — tlie pentoneiun. It u a ootmecuve 



dl 

n a TerUad BeotloD thiovgh tha Spleen of Ape 

laels i ^ iki1)i ibiue. (Atlu.) 
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deep part of the capeule contains bimdles ofnonMrvped 
■mvM^dar ti»gu^ forming plexusea. In nan the bundles 
are relatively tbin, but in Bome nuimnials — e.g., 
do^ pig, horse — thej are continnons masses arranged 
sometimes as a deep longitudinal and a superficial 
circular layer. 

In connection with the capsule are the trc^>ecul<B 
(Fig. 130). These are microscopical, thicker or thinner 
cylindrical bands Iwanching and anastomosing, and 
thus making a framewotk in which the tissue of 
the spleen is contained. Towards the hilnm the 
trabecule are larger, and they form there a continuity 
with the connective tissue of the hilum. They are 
the earners of the lai^ vascular branches. The 
trabecule in the human spleen consist chiefly of 
hbrous tissue with an admixture of longitudinal non- 
II striped mu scalar 

tissue. This is 
more pronounced 
in the dog, horse. 




culie are chiefly 
composed of non- 
striped muscular 
tissue. Following 
a small trabecula 

*"* ^^"^-^S 'a.f^^i..'*^^'' "'^ after >* is given 

Pnlp ol t*« Spleen ol tha Fig a- n- i 

a Laal nolnmiK™ «1 Iho lomcoliir trulwBlK • ™ ITOm a larger 

SSl^JwiS.) """""'" ™"'"' "'"""' b""anching into 
still smaller ones, 
which ultimately lose themselves amongst the elements 
of that part of the spleen tigane called spleen pulp 
(Fig. 131). 

The meshes of the network of the trabecnlae are 
filled up with the parenchyma This oonsists c4 two 
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kinds of tiflsaes : (a) the MaJpighian oorpuscles; and 
(6) the palp tissTie. 

297. The Bblpii^iiaii ceriMisclea are masses 
of adenoid tissue connected with the branches of the 
splenic artery. Following the chief arterial trunks as 
they pass in the big trabecule towards the interior 
of the spleen, they are seen to give off numerous 
smaller branches to the spleen parenchyma ; these are 
ensheathed in masses of ad&nmd tisstte which are 
either cylindrical or irregularly-shaped, and in some 
places form oval or spherical enlargements. Hiese 
sheaths of adenoid tissue are traceable to the end of 
an arterial branch ; and in the whole extent the 
adenoid tissue or Malpighian corpuscle is supplied by 
its artery with a network of capillary blood-vessels. 

298. The rest of the spleen parenchyma is made up 
of the pulp, The^ matrix of this is a honeycombed, 
spongy network of fibres and septa, which are the 
processes and bodies of large, flattened, endotheloid 
cells, each with an oval nucleus. In some, especially 
young, animals, some of these cells are huge and 
multinucleated. The spaces of the honeycombed tissue 
are of different diameters, some not larger than a blood 
corpuscle, others large enough to hold several All 
spaces form an intercommunicating system. The 
spaces contain nucleated lymph corpuscles, more or 
less connected with and derived from the cell plates 
of the matrix. But they do not fill the spaces, so 
that some room is left, large enough to allow blood 
corpuscles to pass. 

The spaces of the honeycombed pulp matrix are in 
communication, on the one hand, with the ends of the 
capillary blood-vessels of the Malpighian corpuscles, 
and, on the other, they open into Uie venous radicles 
or sintcaes (Fig. 132), which are oblong spaces lined 
witka layer of more or less polyhedral endothelial cells. 
These sinuses form networks, and lead into the large 
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rhe big trabecule to the 
Q man and ape possess a 
q>eciAl adventitia formed of ciroular elastic fibrils. 
Not all arterial branches are ensbeatbed in 
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Malpigbian corpuscles ; some few fine arterial branches 
open directly into the spaces of the pulp matrix, being 
invested in a peculiar reticular or concentrically ar- 
ranged cellular tissue (not adenoid). These are the 
capillsry sheaths of Schweigger Seidel. 

299. The blood passes then from the arteri^ 
branchoB through the capillaries of the Malpighian 
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oorpufldes, whence it travels into the Labyrinth of 
Tuinute spaces in the honeycombed pnlp matrix ; 
thence it passes into the venous sinnses, and finally 
into the venous trunks. The current of blood on ite 
passage through the pulp tissue becomes, therefore, 
greatly^ retarded. Under these conditions numerous 
red blood-corpuscles appear to be taken up by the 
cells of the pulp, some of which contain several 
in their interior. In these corpuscles the blood-discs 
become gradually broken up, so that, finally, only 
granules and small clumps of blood-pigment are left 
in them. The presence of blood-pigment in the cor- 
puscles of the pulp is explained in this way ; and it is 
therefore said that the pulp tissue is a destroyer of 
red blood-corpuscles. 

The pulp tissue is most probably the birthplace of 
colourless blood-corpuscles ; and according to Bizzozero 
and Salvioli it is also the birthplace of red blood- 
corpuscles. 

, The lymphcUics form plexuses in the capsule 
(Tomsa, Kyber). These are continuous with the plexus 
of lymphatics of the trabeculse ; and these again with 
the plexus of lymphatics in the adventitia of the 
arterial trunks. 

NonrTnedvMated rverve-fibrea have been traced along 
the arterial branchea 



CHAPTER XXX. 

THE KIDNEY, URETER, AND BLADDER. 

300. A. The firamework. 

The kidney possesses a thin investing capsule com- 
posed of fibrous tissue, more or less of a lamellar 
arrangement. Bundles of fibrous tissue pass with 
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blood-vessels between the deeper part di tlie capsule 
and the parenchyma of the periphery. According 
to Eberth, a plexus of non-striped muscle cells is 
situated underneath the capsula 

The ureter entering the hilum barges into the 
pelvis of tih.e kidney, and with its minor recesses or 
prolongations forms the calices. Both tiie pdvis and 
the calices are limited by a wall which is a direct con- 
tinuation of the ureter. The internal free surface is 
lined with stratified transitional epithelium. Under- 
neath the epithelium is a fibrous connective tissue 
membrane (the mucosa), containing the networks of 
capillary blood-vessels and fine nerve-fibres. Outside 
the mucosa and insensibly passing into it is the 
loose-textured submucosa, with groups of fat col]& 
There aire present in the sub-mucosa bundles of 
non-striped muscular tissue, continued from the 
ureter, in the shape of longitudinal and circular 
bundles. 

In the pelvis of the kidney of the horse small 
glands (simple or branched tubes), lined with a single 
layer of columnar epithelial cells, have been observed 
by Paladino, Sertoli, and EglL The last-named 
mentions also that in the pelvis of the human kidney 
there are gland-tubes similar in structure to sebaceous 
follicles. 

301. The large vascular trunks enter, or pass from 
the tissue of the calices into the parenchyma of the 
kidney between the cortex and medulla, and they are 
accompanied by bundles of fibrous connective tissue 
and here and there a few longitudinal bundles of non- 
striped muscular tissue. 

In the parenchyma there is a very scanty 
fibrous connective tissue, chicly around the Mai- 
pighian ooipuscles and .^und the arterial vessek, 
especially in the young kidney. In the papillse there 
is relatively a great amount of fibrous tissue. On 
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the surface of the papillae (facing the calices) there 
is a continuous layer of fibrous tissue, and this on 
its free surface is covered with stratified transitional 
epithelium. 

The parenchyma of the kidney consists entirely of 
tlie urinary tubules and the intertubular blood-vessels, 
and there is an interstitial or intertubular connective 
tissue framework in the shape of honeycombed hyaline 
membranes with flattened nucleated branched or 
spindle-shaped cells. Hie meshes of the honeycomb 
are the spaces for the urinary tubules and blood- 
vessels. 

302. B. The parenchyma. — I. llie wrincvry 
tubules (Fig. 133). — In a transverse or longitudinal 
section through the kidney we notice the cortex, the 
boundary layer of Ludwig and the papillary portions, 
the last terminating in the conical papiUce in l^e cavity 
of the calices. 

The boundary layer and the papillary portion 
form the medulla. A papilla with the papillary 
portion and boundary layer, continuous with it^ con- 
stitute a Malpighian pyrcmiid. The relative propor- 
tion of the thickness of the three parts is about 3*5 
cortex, 25 boundary layer, and 4 papillary portion. 

303. The cortex consists of vast numbers of con- 
voluted tubules with their csecal origin, the Mal- 
pighian corpuscle ; this is the labyrinth separated into 
vertical divisions of equal breadth by regularly disposed 
vertical straight strise originating a short distance from 
the outer capsule, and radiating towards the boundary 
layer which they enter. Each of these stride is a bundle 
of straight tubules, and represents a medullary ray. 
The boundary layer shows a uniform longitudinal stria- 
tion, in which opaque and transparent striae alternate 
with one another. The opaque strise are continuations 
of the medullary rays, the transparent strise are 
bundles of blood-vessels. 




Fig. 183.— Diagram showing the cotirfle of the TTriniferonfl Tahnles in 
the different parte of the Cortex and Mednlla. 

(For description of Vig. 138, see foot of next pegeO 
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The papillary portion is uniformly and longi- 
tudinally striated. 

Tracing a medullary ray from the boundary layer 
into the cortex, it is seen that its breadth gradually 
diminishes, and it altogether ceases at a short distance 
from the outer capsule. A medullary ray is, con- 
sequently, of a conical shape, its apex being situated 
at the periphery of the cortex, its base in the 
boundary layer. Such a pyramid is called a 'pyramid 
of Ferrevn, 

304. All urinary tubules commence as convoluted 
tubules in the part of the cortex named the 
labyrinth, but not in the medullaiy rays, with a 
cascal enlargement called a Malpighian corjncscley and 
terminate — Shaving previously joined with many other 
tubules into larger and larger ducts — at one of the 
many minute openings or mouths at the apex of a 
papilla. On their way the tubes several times alter 
their size and nature. 

From its start to its end there is a continuous 
fine membrana propria forming the boundary wall 
of the urinary tubule, and this membrana propria is 
lined with a single layer of epithelial cells differing in 
size, shape, and structure horn place to place; in 
the centre of the tubule is a lume^i, differing in size 
according to the size of the tubule. 

305. (1) Each Malpighian corpuscle (Fig. 134) 
is composed of the capsiile — ^the capsule of Bowman — 
and the glomerulus, or Malpighian tuft of capillary 
blood-vessels. 



A. Cortex limited on its free surface ty tbe capsule ; a. sabcapsular layer not 
containing Malpighian corpusdeB : a', inner stratum of cortex without 
Malpighian corpus^es; b, boundary layer; q, papillary part next the 
boundary layer ; l, lErowman's capsule : S, neck of capsule : S, proximal con- 
Toluted tube ; 4. spiral part ; 6, desoencUng limb of Henle's loop-tube ; 6. 
the loop itself : 7, 8. and 0. the ascenting limb of Henle's loop-tube ; 10. the 
irregular tubule ; 11, the distal convoluted tubule : 12, tbe first part of the 
collecting tube ; 18 and 14. larger collecting tube ; in the papilla itself, not 
represented here, the collecting tube joins others, and forms the duct. 
(Atlas.) 
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Hie ea/pmde af Bowman is a hjatine membrsna 
propria, supported, as mentioned above, by a email 
amount of connectiTe tissue. Oa its inner surface 
there is a ooutinuoua layer of nucleated epithelial 



Fit 18*.- 
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cells, in the young state of pofybedral ^lape, in the 
adult state squamous. 

The ffhrnervlva is a network of convoluted 
capillary blood-vessels, separated from one another 
by scanty conoective tissue, chiefly in the shape 
of a few connectiTe tissue corpuscles. The capil- 
laries are grouped together in two to five lobules. 
The whole surface of the glomerulus is lined with 
a deliciite membraua propria, and a continuous layer 
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of nucleated epithelial cells, polyhedral, or even 
columnar in the young, squamous in the adult state. 
The membrana propria and epithelium dip in, of 
course, between the lobules of the glomerulus, and 
represent in reality the visceral layer of the capsule 
of the Malpighian corpuscle, the capsule of Bowman 
being the parietal layer. The glomerulus is connected 
at one pole with an affererU and efferent arterial 
vessel, the former being tlie larger. / 

Between Bowman's capsule and the glomemlus 
there is a space, the size of which differs according 
to the state of secretion, being chiefly dependent on 
the amount of fluid present 

The Malpighiaa corpuscles are distributed in the 
labyrinth of the cortex only, with the exception of a 
thin peripheral layer near the outer capsule, and a 
still thinner layer near the boundary layer. The 
Malpighian corpuscles near the boundary layer are the 
largest, those near the periphery the smallest; in 
the human kidney their mean diameter is about y^^ 
of an inch. 

306. On the side opposite to that where the 
aflerent and efierent arterioles join the glomerulus, 
the capsule of Bowman passes' through a narrow neck 
into the cylindrical urinary tubule in such a way, 
that the membrana propria and epithelium of the 
capsule are continued as the membrana propria and 
lining epithelium of the tubule respectively, and 
the space between the capsule of Bowman and 
the glomerulus becomes the cavity or lumen of the 
urinary tnbule. 

307. » (2) After it has passed the neck, the urinary 
tubule becomes convoluted ; this is the proQci/mal con- 
voluted tubule (Fig. 135). It is of considerable length 
and is situated in the labyrinth. It has a distinct 
lumen, and its epithelium is a single layer of polyhedral 
or short, columnar, angular, or dub-shaped cells, each 
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with a spherical nucleus. These cells commence gene- 
rally at the neck, bnt in some animalB — e.g., in the 
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mouse — they already hare b^fun in the Malpighian 
corpuscle. The outer part of the cell protoplasm — t.A, 
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next the membrana propria — is distinctly striated, 
owing to the presence of rod-shaped fibrils (Heiden- 
hain) vertically arranged. The inner part of the cell 
substance— t. 6., between the nucleus and the inner 
free margin — appears granular. Epithelial cells the 
protoplasm of which possesses the above rod-shaped 
fibrils, will in the following paragraphs be spoken of 
as fibriUated cells. 

The proximal convoluted tube appears sometimes 
thicker than at other times; in the first case, its 
lumen is smaller, but its lining epithelial cells are 
distinctly more columnar. This state is probably con- 
nected with the state of secretion. 

308. (3) The convoluted tube passes into the 
spiral tvbvie (Schachowa). This differs from the 
former in being situated not in the labyrinth, but in 
a medullary ray, in which it forms one conspicuous 
element, and in not being convoluted, but more or 
less straight, slightly wavy, and spiral Its thickness 
and lumen are the same as in the former ; its 
epithelium is a single layer of polyhedral cells, with 
distinct indication of fibrillation. 

309. (4) Precisely at the line where the cortex 
joins the^ LuBdar/lajrer, the spiiul tube becomeB 
suddenly greatly reduced in thickness ; it becomes at 
the same time very transparent; its lumen is distinct; 
its membrana propria is now lined with a single 
layer of scales, each with an oval flattened nucleus. 
This altered tubule is the descending loop4vhe of 
Henle, and it pursues its course in the boundary 
layer as a straight tubule, in the continuation* of the 
medullary ray. 

In aspect and size this part of the urinary 
tubule resembles a capillary blood-vessel, but differs 
from it inasmuch as, in addition to the lining layer 
of flattened epithelial cells, it possesses a membrana 
propria. 
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310. (5) The so formed descending Henle's loop- 
tube passes the line between the boundary layer 
and papillary portion, and having entered this 
latter pursues its course £or a short distance, when 
it sharply bends backwards as the hop oi Henle's 
tube ; it now runs back towards the boundary layer, 
and precisely at the point of entering tbds becomes 
suddenly enlarged. Up to this point the structure 
and size of the loop are exactly ^e same as those of 
the descending limb. 

311. (6) Having entered the boundary layer it 
pursues its course in this latter to the cortex in a 
more or less straight direction within the medullary 
ray as the ascending loojhtube. Besides being bigger 
than the descending limb and the loop, its lumen 
is comparatively smaller, and its lining epithelium 
is a layer of polyhedral, distinctly fibrillated 
epithelial cells. The tube is not quite of the same 
thickness all along the boundajy layer, but is broader 
in the inner than in the outer half ; besides, the tube 
is not quite straight, but slightly wavy or even 
spiral. 

(7) Having reached the cortex, it enters this as the 
cortictd pa/rt of the ctscending hop-tubey forming one 
of the tubes of a medullary ray; it is at the same 
time narrower than in the boundary layer, and is 
more or less straight or wavy. Its lumen is very 
minute^ its lining cells are flat polyhedral with a 
small flattened nucleus^ and there is an indication of 
fibrillation (Fig. 135). 

(8) Sooner or later on its way in the cortex in 
a medullary ray it leaves this latter to enter the 
labyrinth, where it winds between the convoluted 
tubes as an angular vrregula/r ttibule (Fig. 135). Its 
shape is very irregular, its size alters from place 
to place, its lumen is very minute, its epithelium a 
layer of polyhedral, pyramidal, or short columnar cells 
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— according to tie thickness of the tabe ; each cell 
possesses, a flattened oval nucleas next to the lumen, 
and a very coarselj and conspicuously flbrillated pro- 
toplasm. 

312. (9) This irregular tubule passes into the 
distal eonvohUed ivbule oc intercalated tubule of 
Sclrweigger SeideL This forms one of the convoluted 
tubes c^ the labyrinth^ and in size, aspect, and 
structure, is identical with the proximal convoluted 
tubule. 

(10) The distal convoluted tube passes into a 
short, thin, more or less cv/rved or wavy collecting 
tfidtUey lined with a layer of transparent, flattenec^ 
polyhedral cells ; this is still contained in the laby- 
rinth. 

(11) This leads into a somewhat larger straight 
collecting tube, lined with a layer of transparent poly- 
hedral cells and with distinct lumen. This tube 
forms part of a medullary ray, and on its way to the 
boundary layer takes up from the labyrinth numerous 
curved collecting tubules. 

(12) It then passes unaltered as a straight collect- 
ing tube through the boundary layer into the papillary 
portion. 

313. (13) In this part these tubes join under acute 
angles, thereby gradually enlarging. They run in a 
straight direction towards the apex of the papilla, 
and the nearer to this the fewer and the bigger they 
become. These are the dticts or tubes of Bellini^ 
They finally open on the apex into a calix. The lumen 
and the size of the lining epithelial cells — ^viz., whether 
more or less columnar — are in direct relaticm to the size 
of the collecting tube. The substance oi the epi- 
thdlial cells is a transparent protoplasm, and the 
nucleus is more or less ovaL 

314. In many places nucleated cells, spindle- 
shaped or branched, can be traced from the membrana 
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propria of the tubule between the lining epithelium ; 
and, in some cases, even a delicate nucleated membrane 
can be seen lining the surface of the epithelium, next 
the lumen. In the frog, the epithelium lining, the 
Malpighian corpuscles, and the exceedingly long neck 
of the urinaiy tubule, are possessed of long filamentoas 
cilia, rapidly moving during lifa In the neck of 
some of the urinary tubules in mammals there is 
also an indication of cilia to be noticed. 

Heidenhain has shown that indigo-sulphate of 
sodium, injected into the circulating blood of the dog 
and rabbit, is excreted through certain parts of the 
urinary tubules only — ^viz., those which are lined 
with "fibrillated'' epithelium. He maintains that 
this excretion is effected through the cell sub- 
stance \ but, in the case of carmine being used as 
pigment, I have not found the excretion to take place 
through the substance of the epithelial cells, but 
through the homogeneous interstitial or cement sub- 
stance between the epithelial cells. 

316. IL The blood-vessels (Fig. 136). 

The large branches of the renal artery and vein 
are situated in the submucous tissue of the pelvis, 
and they enter, or pass out respectively from, the part 
of the parenchyma ooiTesponding to the junction of 
the cortex and boundary layer, where they follow a 
more or less horizontal course, and give off, or take up 
respectively, smaller branches to or from the cortex 
and medulla. 

(1) In the cortex the arterial trunks give off to 
the cortex small branches, which singly enter the 
labyrwUh in a direction vertical to the surfieuse of the 
kidney. These are the interlobular arteries. Each of 
these, on its way towards the external capsule of the 
kidney, gives off, on all sides of its circumference, 
shorter or longer lateral branches; these are the 
afferent arterioles for the Malpighian corpuscles, each 
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one antering & Malpigliiiui 
corpuBcle and breaking up 
into the capillarieB of tiie 
glomendoa. 

On its way towards 
the external capeuJe, the 
interlobular art«rieB be- 
come greatly reduced, and 
finally enter the capillary 
network of the most pen 
pheral part of the cortex , 
but Bome of these arterioles 
may be also tnwed into the 
ont«r capsule, where Uiey 
become connected with ^e 
capillar; networks of this 
latter. The efferent vessel . 
of a Malpighian glotne- 
rulas at once breaks up 
into a dense network of 
capillary blood - Teasels,. 
which entwine io all pos- 
sible directions the urinary 
tnbnles of the labyrinth. 
This network is continued 
with that of capillaries of 
the medullary rays, the 
meshes being there elon- 
gated, and the capillaiy 
blood-Tessels, for obvious 
reasons, more of a straight 
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arrangement. The <sapillaries of the whole cortex 
form one continuous network. 

316. The yeina which take up the blood from this 
network are arranged in this manner : — There are 
formed venous vessels underneath the external 
capsule, taking up like rays on all sides, minute 
radicles connected with the capillaries of the most 
peripheral part of the cortex. These are the vevus 
steUatcR; they pass into the labyrinth of the 
cortex, where they follow a vertical course in 
company with the interlobular arteries. On the 
way they communicate with the capillaries of the 
labyrinth, and ultimately open into the large 
venous branches situated between cortex and boun- 
dary layer. 

317. (2) In the medulla. From the large arterial 
trunks short branches come off, which enter the 
boundary layer, and there split up into a bundle 
of minute arterioles, which pass in a straight direc- 
tion vertically through the boundary layer into the 
papillary portion. These are the a/rterioR rectcR 
(Fig. 136). The number of vessels of each bundle 
is at the outset increased by the efferent vessel of 
the Malpighian corpuscles nearest to the boundary 
layer. 

On their way through the boundary layer, and 
through the papillary portion of the medulla, 
these arterioles give off the capillary network for 
the urinary tubules of these parts, the network, 
for obvious reasons, possessing an elongated arrange- 
ment. 

From this network originate everywhere minute 
veins, which on their way towards the coHical margin 
increase in size and number ; they form also bundles 
of straight vessels — vevioR recUe — and ultimately enter 
the venous trunks situated between the boundary 
iayer and cortex. 
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The bundles of the arterise rectae and venas 
rectse form severally, in the boundary layer, the 
transparent striae mentioned on a previous page as 
alternating with the opaque striae, these latter being 
bundles of urinary tubules. 

At the apex of each papilla there is a network 
of capillaries around the mouth of each duct. 

318. The outer capsule of the kidney contains a 
network of capillary blood-vessels ; the arterial 
branches leading into them are derived from two 
sources : (a) from the outrunners of the interlobular 
arteries of the cortex, and (6) from extrarenal arteries. 
The veins lead (a) into the venae stellatae, and (6) the 
ei^iurenal veins. 

The lymphatic vessels form a plexus in the capsule 
of the kidney. They are' connected with lymph 
spaces between the urinary tubes of the cortex. 
The large blood-vessels are surrounded by a plexus of 
lymphatics, which take up lymph spaces between the 
urinary tubules, both in the cortex and the boundary 
layer. 

319. The nreter is lined with stratified transi- 
tional epithelium. Underneath this is the mucosa, 
a connective tissue membrane with capillary blood- 
vessels. The submucosa is a loose connective tissue 
Then follows a muscular coat composed of non- 
striped muscular tissue, arranged as an inner and 
outer longitudinal and a middle circular coat. Then 
follows an outer limiting thin fibrous coat or adventitia. 
In this last have been observed minute ganglia in 
connection with the nerve branches. 

320. The bladder is similar in structure, but the 
mucous membrane and muscular coat are very much 
thicker. In the latter, which consists of non-striped 
fibres, are distinguished an inner circular, a middle 
oblique, and an outer longitudinal stratum. The 
last is best developed in the fundus. 
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Numerous sympathetic ganglia, of various sizes, 
are found in connection with the nerve branches un- 
derneath the adventitia (peiitoneal covering), and in 
the muscular coat (F. Darwin). The epithelium lining 
the bladder is stratified transitional, and it greatly 
varies in the shape of its cells and their stratification, 
according to the state of expansion of the bladder. 



CHAPTER XXXI. 

THE MALE GENITAL ORGANS. 

321. (1) The testis of man and mammals is en- 
veloped in a capsule of white fibrous tissue, the tunica 
adtuLta, This is the visceral layer of the tunica 
vaginalis. Like the parietal layer, it is a serous 
membrane, and is therefore covered with endo- 
thelium. Minute villi are occasionally seen pro- 
jecting from this membrane into the cavity of 
the tunica vaginalis. These villi are generally 
covered with germinating endothelium (see par. 33). 
Inside the tunica adnata, and firmly attached to 
it, is the tunica albuginea, a fibrous connective 
tissue membrane of lamellar structure. Towards 
the posterior margin of the human testis its thick- 
ness increases, and forms there a special accumu- 
lation — ^in cross section more or less conical, with 
posterior basis — the mediastinum testis, or corpus 
Highmori. 

Between the tunica adnata and tunica albuginea 
is a rich plexus of lymphatics, which, on the one hand, 
takes up the lymphatics of the interior, and on the 
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other leads into the efferent vessels that accompany 
the vas deferens. 

The testis of the dog, cat, bull, pig, rabbit, <Sec, 
have a central corpus Highmori ; that of the mole, 
hedgehog, and bat a peripheral one ; while that of the 
rat and mouse have none (Messing). 

322. The firauneirork. — From the anterior 
margin of the corpus Highmori spring numerous 
septa of connective tissue, which, passing in a radiat- 
ing direction towards the albuginea, with which they 
form a continuity, subdivide the testis into a large 
number of long, conical compartments, or lobules, 
the basis of which is situated at the tunica albu- 
ginea, the apex at the corpus Highmori Kolliker 
mentions that non-striped muscular tissue occurs in 
these septa. 

From these septa thin connective tissue lamellsB 
pass into the compartments, and they form the sup- 
porting tissue for the blood-vessels and also represent 
the interstitial connective tissue between the seminal 
tubules. 

This intertubular or interstitial tissue is distinctly 
lamellated, the lamellse being of different thicknesses, 
and consisting of thin bundles of fibrous connective 
tissue — arranged more or less as fenestrated mem- 
branes — and endotheloid connective plates on their 
surface. Between the lamellae are left spaces, and 
these form, through the fenestras or holes of the 
lamellse, an intercommunicating system of lymph 
spaces-— being, in fact, the rootlets of the lymphatics 
(Ludwig and Tomsa). 

Within the lamellsB are found peculiar cells, 
which are much larger than lymph-cells, and which, in 
Bome instances {e,g,, guinea-pig), include pigment 
grajiule& They contain a spherical nucleus. In man, 
in dog, cat, sheep, especially boar, these cells form 
l&i^, ocmtinuous groups — ^plates and cylinders — and 
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the cells are polyhedral, and eica^tly similar to epiUi&- 
lial cells. They are separated from one another within 
the gronp by a thin interstitial cement-substaace. 
Tbsir resemblance vith epithelium is complete. They 
are remnanta of the epithehal maases of the Wolffian 
body of the fcetns. 

32a The aemlual tubvles (Fig. 137). — 
WitJiin each compartment, above mentioned, lie 




I teminal tubuUSt twisted and convoluted 
in many ways, and extending from the peripheiy to 
near the corpus Highmori. The tubnles, as a rule, 
are rarely branched ; but in the young state, and 
especially towards the periphery, branching 13 not tin- 
common. 

Each aeminal tubule consists of a membrana pro- 
pria, a lining epithelium, and a lumen. The mem- 
brana propria is a hyaline membrane, with oval nuclei 
at regular intervala In man it is thick and lamel- 
lated, several such nucleated membranes being super- 
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imposed over one another. The lumen is in all tubes 
distinct and relatively large. The lining epithelium, 
or the seminal cells, differ in the adult in different 
tubules, and even in different parts of the same tubule, 
being dependent on the state of secretion. 

324. Before puberty all tubules are uniform in 
this respect, being lined with two or three layers of 
polyhedral epithelial cells, each with a spherical 
nucleus. After puberty, however, the following 
different types can be distinguished : — 

(a) Tubules or parts of tubules similar to those 
of the young state— viz., several layers of polyhedral 
epithelial cells lining the membrana propria. These 
are considered as 7a) the outer and (S) the inner 
seminal cells. The former are next to the membrana 
propria; they are polyhedral in shape, transparent, 
and the nucleus of some of them is in the process 
of karyokinesis or indirect division (see par. 8) ; 
others include an oval transparent nucleus. The 
inner seminal cells generally form two or three layers, 
and are more loosely connected with one another than 
the outer seminal cells, and therefore possess a more 
rounded appearanca Between these a nucleated reti- 
culum of fine fibres is sometimes noticed^ the germ 
reticulum of von Ebner. But this is merely a support- 
ing tissue, and has nothing to do with the germina- 
tion of the cells or the spermatozoa (Merkel). The 
inner seminal cells show very abundantly the process 
of indirect division or karyokinesis, almost all being 
seen in one or other phase of it. 

325. In consequence of this, numerous small 
spherical daughterKsells are formed ; these lie nearest 
tiie lumen, and are very loosely connected with one 
another. It is these which are transformed into sper- 
matozoa, and hence are appropriately called sperfnato- 
bloats (Fig. 137). 

Amongst the seminal cells, especially of cat and 
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di%, are found occasionally, bnt not very commonly, 
large multinuclear cells, the nuclei of whicli are alae 
in one or the other stage of kuryokineBis. 

(b) The innermost cells, t^, the spermatohlasts, 
become pear-shaped, the nucleus being situated at the 




thinner extremity, becoming at the same time flattened 
uid homogeneous (Fig. 138). The elongation of the 
spermatoblasts gradually proceeds, and in consequence 
of this we find numerous elongated, club-shaped sper- 
niatoblasts, each with a flattened nucleus at the thin 
end. These are the young spermatozoa, the nucleated 
extremity being the head. 

(c) A-t the same time these young spermatozoa 
become grouped together by an interstitial granular 
substance, in peculiar 'fen-shaped groups; in these 
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groups the head, — ie., the thin end containing the 
flattened homogeneous nucleus, — ^is directed towards 
the inner seminal cells, while the opposite extremity 
is directed into the lumen of the tube. Meanwhile 
the inner seminal cells continue to divide, and thus 
the groups of young spermatozoa get more and more 
buried, as it were, between them. 

326. The origiaal cell-body of the spermatoblasts 
goes on elongating until its protoplasm is almost, but 
not quite, used to form the rod-shaped middle piece 
(Schweigger Seidel) of the spermatozoa; from the 
distal end of this, a thin long hair-like filament, called 
the taily grows out. Where this joins the end of the 
middle piece, there is, even for some time afterwards, 
a last remnant of the granular cell-body of the original 
spermatoblast to be noticed. 

When the granular interstitial substance holding 
together the spermatozoa of a group has become dis- 
integrated, the spermatozoa are isolated. While this 
development of the spermatozoa goes on, the inner 
seminal cells continue to produce spermatoblasts, 
which in their turn are converted into spermatozoa. 

327. Spermatozoa (Fig. 139).— Fully formed 
spermatozoa of man and manmials consist of a homo- 
geneous flattened and slightly convex-concave head (the 
nucleus of the original spermatoblast), a rod-shaped 
middle piece (derived directly from the cell body of 
the spermatoblast), and a long hair-like tail. While 
Hving, the spermatozoa show very rapid oscillatory and 
propelling movement, the tail acting as a flagellum or 
cilium ; its movements are spiral 

In the newt there is a fine spiral thread 
attached to the end of the long, curved, spike-like 
head, and by a hyaline membrane it is fixed to the 
middle piece ; it extends beyond this as the long thin 
tail. Also in the mammalian and human sperma- 
tozoa, a similar spiral thread, closely attached to the 
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middle piece, and terminating as the tail, has been ob- 
served (H. Gibbes). 

328. The seminal tubules of each compartment 
or lobule empty themselves into a short, more or less 
straight, tubule — ^the vas rectum. This is narrower 




Fig. 139.— Various kinds of Spermatozoa. 

A, RpennatojEoon of guinea-pig not ret completely ripe ; b, the same seen side- 
Vays, the head ox the spermatozoon is flattened from side to side ; 0, a 
spermatozoon of the horse ; d, a spermatozoon of the newt. 

than the seminal tubule, and is lined with a single 
layer of polyhedral or short columnar epithelial cells. 
The vasa recta form, in the corpus Highmori, a dense 
network of tubular channels, which are irregular in 
diameter, being at one place narrow clefts, at another 
wide tubes, but never so wide as the seminal tubules ; 
this network of channels is the rete testis, 

329. (2) The eiiididyiiiUk^From the rete testis 
we pass into the vasa efsrentia, each being a tube 
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\rider than those of the rete testis, and each leading mto 
a cOTiical network of coiled tubes. These are the eon* 
vasculon. Hie sum total of all the com vasculosi 
forms the globus major or head of the epididymis. 

330. The vasa efferentia and the tubea of the 
coni vascuIosL are about the size of the seminal 
tubules, but, unlike them, are lined with a layer of 
beautiful columnar epithebal cells, with a bundle ot 
cilia (Pig. 140). Outside ^- ^ 

tliese is generally a layer, • ~ ' ~ 

more or less continuouB, of ' 
small polyhedral cells. The 
substance of the columnar 
cells is distinctly longitudi 
nally fibrillated. The mem 
brana propria is thickened 

by the presence of a cir ■■ , 

cnlar layer of non striped "" ^ ' ' 

muscular fibres. The rest, - ^ ^ ' 

ie., the globus minor, or y,, 110 a tutnie o( tts spi 
tail of the epididymis, is didj^s in en™ «<rtion. 
made up of a continuation ^*t"ftt"i',Je? (l(''cnL«iitrioSiS''« 

of the tubes of the globus ™ft?Si°eol!iBLlr"eSSeir"""' 



major, the tubes diminish- ]JciLii|"'S^inm™'S'iteiuK!^ 
ing gradually in number by 

fusion, and at the same time thereby becoming lat^r. 
The columnar epithelial celts, facing the lumen of the 
tnbea of the globus minor, are possessed of cUia of 
unusual length. 

The tubes of the epididymis are separated from 
one another by a larger amount of connective tissue 
than those of the testis. 

The tubes of the organ _ of Girald6, situated in 
the beginning of the funiculus spermaticus, are lined 
with columnar ciliated epithelium. So is also the 
pedunculated hydatid of Morgagni attached to the 
globus major. 
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331. The aeminal tabules and the tubes of the 
epididymiB are entwined bj a rich network of 
capillary blood-vesaela. Between the tubes of the 
testis and epididymis are lymph spaces, fonning an 
intercommunicating system, and emptying themselveB 
into the superficial networks of lymphatics, i&, those 
of the albuginea ; the arrangement of these networks 
is somewhat different in the testis and epididymis. 

332. (3) Tas deferens wmA FesltniUe senii- 
nales* — ^The tubes of the globus minor open into ilie 
vas deferens. This is of course much larger than 
the former, and is lined with stratified coluHinar 
epithelium. Underneath this is a dense connectiye 
tissue mucosa, containing a rich network of capillary 
blood-vessels. Beneath this mucosa is a thin sub- 
mucous tissue, which in the Ampulla is better de- 
veloped than in other parts, and therefore allows the 
mucous membrane to become folded. Outside the sub- 
mucous tissue is the muscular coat, which consists of 
non-striped muscular tissue, arranged as an inner 
circular and an outer longitudinal stratum. At the 
commencement of the vas deferens there is in addition 
an inner longitudinal layer. There is finally a fibrous 
tissue adventitia. This contains longitudinal bundles 
of non-striped muscular tissue, known as the ere/maasUT 
inJbemus (Heule). A rich plexus of veins — plexus 
pampinif ormis — and a rich plexus of lymphatic trunks, 
are situated in the connective tissue of the spermatic 
cord. The plexus spermaticus consists of larger and 
smaller nerve-trunks, with which are connected small 
groups of ganglion ceUs and also large ganglionic 
swellings. 

333. In the ve^icuZcB aefmiriales we meet with 
exactly the same layers as constitute the wall of the 
vas deferens, but they are thinner. This refers espe- 
cially to the mucosa and ilie muscular coat. The 
former is placed in numerous folds. The latter con- 
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sists of an inner and outer longitudinal and a middle 
circular stratum. The ganglia in connection with the 
nerve-trunks of the adventitia are very numerous. 

334. In the ductus ejaculatorii we find a lining of 
columnar epithelial cells ; outside of this is a delicate 
mucosa and a muscular coat, the latter consisting of 
an inner thicker longitudinal and an outer thinner 
circular stratum of non-striped muscular tissue. 

When passing into the vesicula prostatica the 
columnar epithelium is gradually replaced by stratified 
pavement epithelium. 

335. (4) The prostate gland. — Like other 
glands, the prostate consists of a framework and the 
gland tissue proper or the parenchyma. 

The framework, unlike that of other glands, is 
essentially muscular, being composed of bundles of 
non-striped muscular tissue, with a relatively smaU 
admixture of fibrous connective tissue. The latter 
is chiefly limited, to the outer capsule and the thin 
septa passing inwards, whereas the non-striped mus- 
cular iSssue surrounds and separates the individual 
gland 'alveoli. 

336. The parendtyma consists of the chief ducts, 
which open at the base of and near the colliculus 
seminalis, and of the secondary ducts, minor branches 
of the former, which ultimately lead into the alveoli. 
These are longer or shorter, wavy or convoluted! 
branched tubes with numerous saccular or club-shaped 
branches. The alveoli and ducts are Hmited by a 
membrana propria, have a distinct lumen, and are 
lined with columnar epithelium. In the alveoli there 
is only a single layer of beautiful columnar epithelial 
cells, the substance of which is distinctly and longi- 
tudinally striated. In the ducts there is an inner 
layer of short columnar cells, and an outer one of 
small cubical, polyhedral or spindle-shaped cells. 

At the mouth of the ducts the stratified pavement 
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epithelium of the pars prostatica of the urethra 
passes a short distance into the duct. 

The alveoli are surrounded by dense networks of 
capillary blood-vessels. 

In the peripheral portion of the gland numerous 
ganglia are interposed in the rich plexus of nerves. 
Also Pacinian corpuscles are to be met with. 

337. (5) The uretlira. — The mucous membrane 
of the male urethra is lined with simple columnar 
epithelium, except at the commencement — ^the pars 
prostatica — and at the end — the fossa navicularis — 
where it is stratified pavement epithelium. 

The mucous membrane is fibrous tissue with very 
numerous elastic fibres. Outside of it is a muscular coat 
composed of non-striped muscular tissue, and arranged 
as an inner circular and an outer longitudinal stratum, 
except in the pars prostatica and pars membranacea, 
where it is chiefly longitudinal. In the latter portion 
the muscular bundles pass also into the mucous mem- 
brane, where they follow a longitudinal course between 
large veins arranged in a longitudinal plexus. These 
veins empty themselves into small veins outside. This 
plexus of large veins with the muscular tissue between 
represents a rudiment of a cavernous tissue (Henle). 

The mucous membrane forms peculiar folds sur- 
rounding the lacunae Morgagni. There are small mucous 
glands, lined with columnar epithelium, embedded in 
the mucous membrane ; they open into the cavity of 
the urethra and are known as Littr6's glands. 

338. (6) The g^lands of Cowper.— Each gland 
of Cowper is a large compound tubular gland, which, 
as regards structure of ducts and alveoli, resembles a 
mucous gland. The wall of the chief ducts possesses 
a large amount of longitudinally-arranged non-striped 
muscular tissue. The epithelium lining the ducts is 
composed of columnar cella The alveoli possess a 
large lumen and are lined with columnar mucous 
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cells, the outer portion of the cell being distinctly 
striated (Langerhans). In the cell the reticulum is 
also distinct. In this respect the alveoli completely 
resemble those of the sub-maxillary of the dog, but 
there are no real crescents in the alveoli of Oowper's 
gland. 

339. (7) The corpus spongiosum. — ^The cor- 
pus spongiosum of the urethra is a continuation of 
the rudimentary corpus cavemosum above-mentioned 
in connection with the pars membranacea of the 
urethra. It is essentially a plexus of lare^e veins 
arranged chiefly longitudiidly U leading into small 
efferent veins. Between the large veins are bundles 
of non-striped muscular tissue. The capillary blood- 
vessels of the mucous membrane of the urethra open 
into the veins of the plexus. The outer portion of 
the corpus spongiosum, including the bulbus urethrsB, 
shows, however, ntmierous venous sinuses, real caver- 
n», into which open capillary blood-vessels. 

340. The g^lans penis is of exactly the same 
structure as the corpus spongiosum. The outer surface 
is covered with a delicate fibrous tissue membrane, 
which on its free surface bears minute papillae, 
extending into the stratified pavement epithelium. At 
the corona glandis exist small sebaceous follicles, the 
glands of Tyson; they are continued from the inner 
lamella of the prepuce, where they abound. The 
papillfe of the glans contain loops of capillary blood- 
vessels. Plexuses of non-medullated nerve-fibres are 
found underneath the epithelium of the surface of 
the glans. With these are connected the end bulbs 
described in a former chapter as the genital nerve-end 
corpuscles. 

341. (8) The corpora cavernosa penis. — Each 
corpus cavemosum is enveloped in a fibrous capsule, 
the albuginea, made up of lamellae of fibrous con- 
nective tissue. Numerous Pacinian corpuscles are 
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met ^ndth furound it. The matrix of the 'corpus 
oavemosum consists of trabeculse of fibrous tissue, 
between which pass bundles of non-striped muscular 
tissue all in different directions. Innumerable 
cavemsB or sinuses, intercommunicating with one 
another, are present in this matrix, capable of such 
considerable repletion, that in the maximum degree 
of this state the sinuses are almost in contact, 
and the trabeculse compressed into very delicate 
septa. The sinuses are lined with a single layer of 
flattened endothelial plates, and their wall in many 
places is strengthened by the bundles of non-striped 
muscular tissue. The sinuses during erection become 
filled with blood, being directly continuous with capil- 
lary blood-vessels. These are derived from the arte- 
rial branches which take their course in the above 
trabeculse of the matrix. The blood passes from the 
sinuses into small efferent veins. But the blood 
passes also directly from the capillaries into the 
efferent veins, and this is the course the blood takes 
under passive qonditions, while during erection it 
passes chiefly into the above sinuses. 

342. In the peripheral part of the corpus caver- 
nosum there exists a direct communication between the 
sinuses and minute arteries (Langer), but in the rest 
the arteries do not directly communicate with the 
sinuses except through the capillary blood-vessels. 
In the passive state of the corpus cavemosum, the 
muscular trabeculse forming part of the matrix are 
contracted, and the minute arterial branches embedded 
in them are therefore much coiled up ; these are the 
arterise helicinse. 




CHAPTER XXXIL 

THE FEIULE GENITAI, OKQAtrS. 

343. (1) The ovbit (Fig. 141 .)— In the ovaiy, as 
in other glands, the htuaework is to be distinguished 
from the paren- 
chymo. In uie part 
of the ovaiy next 
to the hilnm there 
are numerousblood 
vessels, m a loose 
fibrous connective 
tissue, with nu 
meronB longitudmal 
bundles o£ non 
stnped muscular 
tissue directly con 
tmnona with the 
same tissues of the 
ligamentiun latum 
This portion of the 
ovary is the zona 
Tascolosa (WhI 
deyer). All pcu^ of 
the zon% vascolosa 
— ie., the bundles , 
of fibrous connec 
tive tissue, the 
blood-vessels, and 

the bundles ofn _ _ 

striped muscular 

tissue — are traceable into the parenchyma. The stroma 

of this latter, however, is made up of bundles of shorter 
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or longer transparent spindle-shaped cells, each with an 
oval nucleus. These bundles of spindle-shaped cells 
form, by crossing and interlacing, a tolerably dense 
tissue, in which lie embedded in special arrangements 
the Graafian follicles. Around the larger examples of 
the latter the spindle-shaped cells form more or less 
concentric layers. In the human ovary bundles of 
fibrous tiBsue are also met witL 

The spindle-shaped cells are most probably a 
young state of connective tissue. 

Between these bundles of spindlenshaped cells 
occur cylindrical or irregular streaks or groups of 
polyhedral cells, each with a spherical nucleus ; they 
correspond to the interstitial epithelial cells men- 
tioned in the testis, and they are also derived from 
the foetal Wolflian body. 

344. According to the distribution of the Graafian 
follicles, the following layers can be distinguished in 
the ovary : — 

(a) The aJJimgvnea, This is the most peripheral 
layer not containing any Graafian follicles. It is 
composed of the bundles of spindl&«haped cells, inti- 
mately interwoven. In man, an outer and inner 
longitudinal, and a middle circular, layer can be made 
out (Henle). In some mammals an outer longitudinal, 
an inner circular, or slightly oblique layer can be 
distinguished in the albuginea. 

The free surface of t£e albuginea is covered with 
a single layer of polyhedral, or dbort columnar granu- 
lar-looking epithelial cells, the germinal epUhMum 
(Waldeyer). This epithelium, in its shape and aspecit, 
forms a marked contrast to the transparent^ flattened, 
endothelial plates coven'ng the ligamentum latum. 

345. (b) The oarticcU layer (Schron). This is a 
layer containing the smallest Graafian follicles, either 
aggregated as a more or less continuous layer (cat and 
rabbit), or in small groups (human), s^iarated by the 
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stroma. These follicles are spherical or slightly oval, 
of about Yj]^ inch in diameter, and each of them b limi- 
ted by a delicate •membra'na propria. Inside of this is 
a layer of flattened, transparent, epithelial cells, each 
with an O'val, flattened nucleus; this is the Trtem- 
brana granulota. The space within the follicle is 
occa|Hed by, and filled up with, a spherical cell-^the 
ovnm cell, or obuto. Thia is compOEed of a granular- 
looking protoplasm, and in this is a big spherical, or 
slightly o*al, nucleus — the germinal veeiole. The 
substuioe of this is either a fine reticulum, limited 
by a delicate membrane, with one or more nucleoli 
or germinal ^totg, or it is in one of the phases of 
indirect division or karyokinesis, thus indicating 
division of the ovimi. 

346. (c) From this cortical layer to the zcma 
vttBCulosa we find embedded in the stroma isolated 
Graafian follicles, of various sizes, increasing from the 
former to the latter. The biggest . . , 

follicles measure in diameter about i*, 
^ inch. Those of the middle layers ^*. 
areof medium size (Fig. 142), In them J 
we find inside the membrana propiia \ ■ 
the membrana granulosa, made up of a *, 
single layer of transparent, colunmar, 
e[Htiieli^ cells. The ovum, larger than '^^u~ tQiiicin, 
in the small cortical follicles, fills out c«. "" °'*" 
the cavity of the follicle, and is ^aJSJltSBiKS 
limited by a thin hyaline cuticle— tiie KJifirtSS,!™* 
atma peUwdda. This appears as an ^uJmiS^^ 
exoreti<ai of the oells of ^e membrana ES^Sli^ > u£ 
graanlosa. The protoplasm of the ^JSS ■> t gmiMi 
ovum is fibrOlated. The part sur- ^^»St™ctar 
ronnding the germinal vesicle is more 
transparent, and stains diflerently in osmic acid than 
the peripheral part The big nucleus, or germinal 
vesicle, is timited by a distinct membrane, and inside 
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this membrane is & reticuliun with generally o 
nucleolus or fferminal spot. 

Between these medium-sized follicles and tiie 
small follicles of the corticKl layer we find all inter- 
mediate degrees as regards size of the folliole and the 
ovum, and especially as regards the shape of the cells 
of &e membrana granulosa, the 
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and its zona pel- 
lucida thicker. The ovum does not fill out the whole 
cavity of the follicle, since at one side, between it and 
the membrana granulosa, Uiere is an albuminous fluid, 
the rudiment of the liquor folliculi 

348. He biggest or most advanced follicles are of 
great size, easily visible by the naked eye, and con- 
tain a large quantity of tha liquor folliculi (Fig. 143). 
In fact, liie ovum occupies only a email part of tbe 
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cavity of the follicle. The ovum is big, surrounded by 
a thick zona pellucida, is situated at one side, sur 
rounded by the disctu proUgerua, This consists of 
layers of polyhedral cells, except the cells immediately 
around the zona pellucida, which are columnar. The 
ovum with its discus proligerus is connected with the 
membrana granulosa. Tins latter consists of stratified 
pa/oemcTU epUhdium forming the entire lining of the 
foUida The outermost layer of cells is columnar. 
The membrana propria of these big follicles is strength- 
ened by concentric layers of the stroma cells, and this 
represents the ttmica fibrosa (Henle) or outer coat of 
the follicle— theca foUiculi externa. Numerous blood 
capillaries connected into a network surround the big 
follicles. 

In those follicles that contain a greater or smaller 
amount of the liquor folliculi, we notice in the fluid a 
variable number of detached granulosa cells in various 
stages of vacuolation, maceration, and disintegration. 

349. In connection with the medium-sized and 
large Graafian follicles are seen occasionally smaller 
or Isurger solid cylindrical or irregularly-shaped out- 
growths of the membrana granulosa and membrana 
propria ; they indicate a new formation of Graafian 
follicles, some containing a new ovum. When these 
side branches become by active growth converted into 
larger follicles, they may remain in continuity with the 
parent follicle, or may be constricted off altogether. 
In the first case, we have one large follicle with two 
or three ova, according as a parent follicle has given 
origin to one or two new outgrowths. 

Amongst the epithelial cells constituting the strati- 
fied membrana granulosa of the ripe follicles we notice 
a nucleated reticulum. 

Many follicles reach ripeness, as far as size and 
constituent elements are concerned, long before 
puberty, and they are subject to degeneration ; but 
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this process of d^eneraiion involYes also follicles ol 
smaller size& 

350. Before menstniation, generallj one, occasion- 
ally two or more, of the ripe follicles become very 
hypersemic. They grow, in consequence, very rapidly 
in size ; their liquor f oUiculi increases to such a degree 
that they reach the surface of the ovary ; finally — 
•.«., during menstruation — ihej burst at a superficial 
point ; the ovum, with its discus proligerus, is ^ected, 
and brought into the abdominal ostium of the oviduct 
The cavity of the follicle collapses, and a certain 
amount of blood, derived from tl:^e broken capillaries 
of the wall of the follicle, is effused into it. The follicle 
is converted into a corpus Iviewm^ by an active multi- 
plication of the cells of the granulosa. Kew capilla- 
ries with connective tissue cells derived from ilie theca 
folliculi externa gradually grow into the interior, i,e,y 
between the cells of the granulosa. This growth 
gradually fills the follicle, except the centre; this 
contains blood-pigment in the shape of granules, 
chiefly contained in large cells, and a few new 
blood-vessels, the blood<pigment being the remains 
of the original blood efiiised into the folliclsL 
£ut^ ultimately, the pigment all disappears, and a 
sort of gelatinous tissue occupies the centre, while 
the periphery — i.e., the greater part of the follicle 
— is made up of the hypertrophied granulosa, with 
young capillary vessels between ite cells. The 
granulosa cells undergo hMy degeneration, becoming 
filled with several small fat globules, which gradually 
become confluent into a big globule. In this state the 
corpus luteum \& complete, and has reached the height 
of its progressive growth. The tissue is then gradutdly 
absorbed, and cicatrical tissue is left. When this 
shrinks it produces a shrinking of the corpus luteum. 
This represents the last stage in the life of a 
Graafian follida The corpus luteum of Graafian 
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follicles, of which the ovum has been impregnated^ 
grows to a much larger size than under other condi- 
tions, the granxdosa becoming by overgrowth much 
folded. 

351. Development of the ovarjr and Graa- 
fian follicles* — The germinal epithelium of the 
surface of the foetal ovary at an early stage undergoes 
rapid multiplication, in consequence of which the epi- 
thelium becomes greatly thickened. The vascular 
stroma of the ovary at the same time increases, and 
permeates the thickened germinal epithelium. The 
two tissues in fact undergo mutual ingrowth, as is the 
case in the development of aU glands — ^viz., the epithe- 
lial or glandular part suffers mutual ingrowth with 
the vascular connective tissue stroma. 

In the case of the ovary, larger and smaller 
islands or nests (Balfour) of epithelial cells are thus 
gradually differentiated off from the superficial epithe- 
lium. These nests are largest in the depth, and smallest 
near the surface. Thef i^main in ^i^ection with 
one another and with the surface for a considerable 
period. Even some time after birth some of the 
superficial nests are still connected with the surface 
epithelium, and with one another (Fig. 143a). These 
correspond to the ovarial tubes (Pfluger). While in 
the rabbit these nests are solid collections, in the dog 
they soon assume the character of tubular structures 
(Pfluger, Sch'afer). The cells, constituting the nests 
undergo multiplication (by karyokinesis), in conse- 
quence of which the nests increase in size, and even 
new nests may be constricted off from old ones (see 
also above). 

352. At the earliest stages we notice in the 
germinal epithelium some of the cells becoming en- 
larged in their cell-body, and especially their nu- 
cleus ; these represent the primitive ova. When the 
germinal epithelium undergoes the thickening above 
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meationed, and when this thickened epithelium sepa- 
ratee mto the neste &iid onvial tubes, there is & 
oontmued formation of primitive ova — !.«., cells of 
tJto nests nndei^ the enlargement of celL-body and 
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nucleus, by which they are. converted into primitive 
OV&. Like tlie other epithelial eells, the primitive 
ova of the nests and ovarial tabes underj^ division 
into two or even more primitive ova after the mode 
of karyokineeis (Balfour). Thus each nest contains 
a series of ova. 

353. The ordinary small epithelial cells of the 
nests and ovarial tubes serve to form the membrana 
granulosa of the Graafian follicles- According to 
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the number of ova in a nest or in an ovarial tube 
a subdivision takes place in so many Graafian follicles, 
each consisting of one ovum with a more or less 
complete investment of small epithelial cells — t.e., a 
membrona granulosa. This subdivision is brought 
about by the ingrowth of the stroma into the nests. 

The superficial nests being the smallest, as above 
stated, form the cortical layer of the small Graafian 
follicles ; the deeper ones give origin to larger follicles. 
Thus we see that the ovum and the cells of the 
membrana granulosa are derived from the primary 
germinal epitheUum; all other parte-membrani 
propria, theca externa, stroma, and vessels — are 
derived £rom the foetal stroma. 

There is a good deal of evidence to show that 
ova and Graafian follicles are, as a rule, reproduced 
after birth (Pfliiger, Kolliker), although other ob- 
servers (Bischofi^, Waldeyer) hold the opposite view. 

354. (2) The oviduct— The oviduct consists of 
a lining epithelium, a mucous membrane, a muscular 
coat, and an outer fibrous coat — the serous covering, 
or peritoneum. The epithelium is columnar and 
ciliated. The mucous membrane is much folded ; it 
is a connective tissue membrane with networks of 
capillary blood-vessels. In man and mammals there 
are no proper glands present, although there are seen 
appearances in sections which seem to indicate the 
existence of short gland tubes; but these appear- 
ances are explained by the folds of the mucous 
membrane, ^e muscular coat is composed of non- 
striped muscular tissue of a pre-eminently circular 
arrangement; in the outer part there are a few 
oblique and longitudinal bundles. The serous cover- 
ing contains numerous elastic fibrils in a connective 
tissue matrix. 

3d5. (3) The nteras— The epithelium lining 
.the cavity of the uterus is a single layer of columnar 
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cells, each with a bundle of cilia on their free snrfaoa 
These are very easily detached, and therefore difficult 
to find in a harden^ and pn^rred specimen. Bat 
in the fresh and well-preseryed human uterus (Fried- 
Iftnder), as well as in that of mammals, the cells are 
distinctly ciliated. The whole canal of the cervix is 
also lined with ciliated epithelium, but in children, 
according to Lott, only beginning from the middle. 
The surface of the portio vaginalis uteri is, like that 
of the vagina, covered with stratified pavement epithe- 
lium. 

356. The mucous membrane of the oervix is 
different from that of the fundus. In the former it is 
a fibrous tissue possessed of permanent folds — ^the 
palmse pHcatse. Few thin bundles of non-striped mus- 
cular tissue penetrate from the outer muscular coat 
into the mucous membran& Between the pahne 
plicatffi are the openings of minute gland-tubes, more 
or less cyliudrical in shape. They possess a mem- 
brana propria and a distinct lumen lined with a single 
layer of columnar epithelial cells, which, according 
to some, are ciliated in the new-bom child, but, ac- 
cording to Friedlander, non-ciliated. €k)blet-cells are 
met with amongst the lining epithelium. Several 
observers (Kolliker, Hennig, Tyler Smith, and others) 
maintain the existence of minute, thin, and long 
vascular papill» projectrog above the general surface 
of the mucous membrane in the lower part of the 
cervix ; these apparent papillso are, however, only due 
to sections through the folds of the mucous membrane. 
The mucous membrane of the fundus is a spongy 
plexus of fine bundles of fibrous tissue, covered or 
lined respectively with numerous small endothelial 
plates, each with an oval flattened nudeua The 
spaces of this spongy substance are lymph-spaces, and 
contain the glands and the blood-vessels (Leopold). 

357. The glands — glandiiUe vtevteiB — are 
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short tabular glands. They occur in the new-bom 
child chiefly at Uie sides ; during puberty their number 
and their size increase considerably, new glands being 
formed by the ingrowth of the surface epithelium into 
the mucous membrane (Kundrat and Engelmann). 
During menstruation, and eapeciaUy during pregnancy, 
they greatly increase in length. They are more or 
less wavy and branched at the bottom. A delicate 
membrana propria forms the boundary of the tube ; a 
distinct lumen is seen in the middle^ and this is lined 
with a single layer of ciliated columnar epithelium 
(Allen Thomson, Nyl&nder, EriedllUider, and others). 

35S. During menstruation the thickness of the 
mucous membrane increases, the epithelium of the 
surface and of the greater part of the glands being 
destroyed by fatty degeneration, and Anally alto- 
gether detached. Afterwards its restitution takes 
place from the remnant in the depth of the glands. 
But according to J. Williams and also Wyder, the 
greater part of the mucous membrane, in addition to 
the epitheUum, is destroyed during menstruation. 

llie muscular coat forms the thickest part of the 
wall of the uterus ; it is composed entirely of the non- 
striped variety. 

In the comua uteri of mammals the muscular 
coat is generally composed of an inner thicker circular 
and an outer thinner longitudinal stratiun, a few 
oblique bundles passing from the latter into the 
former. In the human uterus the muscular coat is 
composed of an outer thin longitudinal, a middle 
thick layer of circular bundles, and an inner thick 
one of oblique and circular bundles. Within these 
layers the bundles form plexuses. 

359. The arterioles in the cervix and their capil- 
laries are distinguished by the great thickness of their 
wall. The mucous membrane contains the capiUcMry 
netvxyrks. These discharge their blood into veins 



27© Elbmbkts op Histology. [Chap, xxxiii. 

The muscular coat is composed of an inner longi- 
tudinal, and an outer circular, layer of non-striped 
muscular tissue. 

363. (6) The nymphaB, clitoris, and iresti- 

liiiliuii. — ^These are lined with thick stratified epi- 
thelium, underneath is a fibrous connective tissue 
mucous membrane, extending into the epithelium in 
the shape of cylindrical papille with capillary loops 
and nerve-endings (end bulbs). The nymphso contain 
large sebaceous follicles, but no hairs. 

The nymphfld contain a plexus of large veins with 
bundles of non-striped muscidar tissue; hence it re- 
sembles a cavernous tissue (Gassenbaur). The corpora 
cavernosa of the clitoris, the glans clitoridis, and the 
bulbi vestibuli, correspond to the analogous parts in 
the penis of the male. The glands of Bartholin corre- 
spond in structure to the glands of Cowper in the 
male. 



CHAPTER XXXIIL 

THE MAMMARY OLAim. 

364. This, like other glands, consists of a frame- 
work and parenchyma. The former is lamellar fibrous 
connective tissue subdividing the latter into lobes and 
lobules and containing a certain amount of elastic 
fibres. In some animals (rabbit, guinea-pig) there are 
also small bundles of non-striped muscular tissna 
From the interlobular septa fine bundles of fibrous 
tissue with branched connective tissue corpuscles pass 
between the alveoli of the gland substance. The 
amount of this interalveolar tissue varies in different 
places, but in the active gland. is always relatively 
scanty. 
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Migratory or lymph corpuscles are to be met with 
in the mteralveolar connective tissue of both active 
and resting glands. In the latter they are more 
numerous than in the former. According to Creighton, 
they are derived, in the resting gland, from the epi- 
thdiium of the gland alveoli. Granular large yellow 
(pigmented) nucleated cells oocur in the connec- 
tive tissue, and also in the alveoli of the resting 
gland, and Creighton considers them both identical, 
and derived from the alveolar epithelium. And 
according to this author, the production of these cells, 
would constitute the principal function of the resting 
gland. 

The large duct% as they pass from the gland to 
the nipple, acquire a thick sheath, containing bundles 
of non-striped muscular tissue. These latter are de- 
rived from the bundles of non-striped muscular tissue 
present in the skin of the nipple of the breast. 

The small ducts in the lobules of the gland tissue 
possess a membrana propria, and a lining — a single 
layer of longer or shorter columnar epithelial cells. 

The terminal branches of the ducts, *.e., just before 
these latter pass into the alveoli, are lined with a 
single layer of flattened pavement epithelium cells ; 
they are analogous to the intermediary portion of the 
ducts of the salivary glands (see Chap. XXII.). 

365. Each of these terminal branches divides and 
takes up sev«:al aSmeoli (Fig. 144). These are wavy 
tubes, saccular or flaiik-shaped. The alveoli are 
larger in diameter than the intralobular ducts. Each 
alveolus in the active eland has a relatively larse 
cavity, vaiTing in differ^t alveoli; it is lined with a 
single layer of polyhedrsl, gnmnlar-looking, or short 
columnar epithelial cells, each with a spherical nuolrms ; 
a membrana propria forms the outer Hmit. This mem- 
brana propria, like that of the saUvary, lachrymal and 
other glands^ is a basket-work of branched cells. 
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In the active gland each epithelial cell is capable 
of forming in its interior one or more smaller or larger 
oil globules. These may, and generaJlj do, become 
confluent, and, pressing the ancleue towards one side 
of the cell give to the latter the reseinblanoo of & fat- 
celL The oil globules are finally ejected by the oell 
protoplasm into the lumen of the alveolus, and repre- 




sent now the miTi glohdea. The cell resumes its 
■ former solid character, and conunences again to form 
oil globules in its protoplasm. The epithelial cells, 
as long as the secretion of milk lasts, go on again 
and again forming oil globules in the above manner 
without being themselves destroyed (Langer). These 
milk globules, when in the lumen <^ the alveoli, are 
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enveloped in a delicate cuticle — ^the albumin mem- 
brane of Ascherson. This membrane tbey receive 
from the cell protoplasm. 

According to the state of secretion, most epithelial 
cells lining an alveolus may be in the condition of 
forming oil globules, or only some of them; and 
according to the rate in which milk globules are formed 
and carried away, the alveoli differ in the number of 
milk globules they contain. 

According to Schmid, the epithelial cells, after 
having secreted milk globules for some time, finally 
break up, and are replaced by new epithelial cells 
derived by the division of the other still active 
epithelial cells. 

366. The resting gland, t.e., the gland of a non- 
pregnant or non-suckling individual, contains, compara- 
tively speaking, few alveoli, but a great deal of fibrous 
connective tissue ; the alveoli are all solid cylinders, 
containing within the limiting membrana propria 
masses of polyhedral granular-looking epithelial cells. 
During pregnancy these solid alveoli undergo rapid 
multiplication, elongation, and thickening, owing to 
the rapid division of the epithelial cells. 

Finally, when milk secretion commences, the cells 
occupying the central part of the alveolus undergo the 
fatty degeneration just like the peripheral cells, but 
they, t.e., the central cells, are eliminated, while the 
peripheral ones remain. These central cells are the 
colostrum corpuscles, and consequently they are found 
in the milk of the first few days only. 

367. Ordinary milk contains no colostrum corpus- 
cles, but only milk globules of many various sizes, fix>m 
the size of a 'granule to that of a globule several times 
as big as an epithelial cell of an alveolus of the milk 
gland. These large drops are produced by fusion of 
small globules after having passed out of the alveoli 
Each milk globule is an oil globule surrounded, as 

s 
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stated above, by a thin albuminous envelope — ^Ascher- 
son's membrane. The small bits of granular substance 
met with here and there, are probably the remains of 
broken-down protoplasm of epithelial cells. 

368. Each gland alveolus is surrounded by a dense 
network of capUla/ry bloodvessels. The alveoli are 
surrounded by lymph spaces like those in the salivary 
glands (Coyne) and these spaces lead into netioorks of 
lymphcUic vessels of the interlobular connective tissue. 



CHAPTER XXXIV. 

THE SKUr. 

369. The skin consists of the following layers 
(Fig. 145): — (1) the epidermis; (2) the corium, or 
cutis vera, with the papillae; (3) the subcutaneous 
tissue, with the adipose layer or the adipose tissue. 

370. (1) The epidermis (Fig. U), in all its 
constituent elements, has been minutely described in 
Chapter III. Its thickness varies in different parts, 
and is chiefly dependent on the variable thickness of 
the stratum comeum. This is of great thickness in 
the palm of the hand and the sole of the foot. The 
stratum Malpighii fits into the depressions between 
the papillae of the corium as the interpapillary pro- 
cesses. The presence of prickle cells, of pigment 
granules, and of branched interstitial nucleated cells, 
(fee, has been mentioned in Chapter I EL 

There occur in the stratum Malpighii migratory 
cells of granular aspect ; they appear to migrate from 
the papillary layer of the corium into the stratum 
Malpighii (Biesiadecki). 

371. (2) The coriiiin is a dense feltwork of 
bundles of fibrous connective tissue, with a large 
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admixture of networks of elastic fibres. From the 
sur&ce of the coriam project sioall conical or cylin- 
drical papUliB These are best developed m t^ose 
parts where the skm is thick, e.g , volar side of 
hand uid foot, scalp, hps of mouth, &a Between 
the surface of the conum and the epidermis there 
IS a basement membrane Migr&toiy celts, with and 
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without pigment granules in their interior, are met 
with, especially in the superficial part of the corium ; 
they, as well as the fixed or branched connective 
tissue corpuscles (see par. 40), and other structures, as 
vessels and nerves, lie in the interfaaciculEir spaces. 

372. (3) The superficial part, of the subcnta- 
neons Umdc insensibly merges into the deep part; of 
the corium ; it consists of bundles of fibrous connective 
tissue aggregated into trabecules crossing one another 
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and intmlacmg in a complex manner. Numerous 
elastic 'fibres are attached to these trabeculee. It con< 
tains groups of fat cdls, in many places arranged as 
more or less continuous lobules of fat tissue^ forming 
the sbraiwra adipostim, l^ese lobules: are separated 
* by septa of fibrous counective tissue ; their stiucture 
and development^ and. the distribution of the. blood* 
vessels amongst the fat cells, have been described 
in par. 45. The deep part of the subcutaneous tissue 
is loose in texture, and contains the large vascular 
trunks and the big nerve branches. 

373. The superficial part of the subcutaneous 
tissue, or, as some have * it, the deep part of the 
corium, contains the sudoriparous or sweat glands. 
Each gland is a single tube coiled up into a dense 
clump of about ^ of an inch in diameter — in some 
places, as in the axilla, reaching as much as six times 
this size. From each gland a duct — ^the sudori- 
ferous canal — passes through the corium in a slightly 
wavy and vertical direction towards the epidermis; 
it penetrates more or less spirally through the inter- 
papillary process of the stratum Malpighii and the 
rest of the epidermis, and appears with an open mouth 
on the free surface of the skin. 

The total number of sweat glands in the human 
skin has been computed by Krause to be over two 
millions ; but it varies greatly in difierent parts- of the 
body, the largest number occurring in the palm of 
the hand, the next in the sole of the foot,* the next 
on the dorsum of the hand and foot, and the smallest 
in the skin of the dorsum of the trunk. 

374 The sudoriferous canal and the coiled tube 
possess a distinct lumen ; this is lined with a delicate 
cuticle, especially marked in the sudoriferous canal 
and in the commencement of the coiled .tube. In the 
epidermis the lumen bordered by this cutide is all 
that is present of the sudoriferous canal. It receives 



Chip. XXXIV.] 



The. Sum. 



277 



a oontitiuation from the middle layer of the stratum 
Malpighii and from the basement membmne ; the 
former is the lining epithelium, the latter the limiting 
membrana propria of the sudoriferous canal. The 
epithelium consists of two or three layers of small 
polyhedral «eUs, each with a spherical or oval nucleus. 
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376. The structure of the sudoriferous canal is 
then — a limiting membrana propria, an epithelium 
composed of two or three layers t^ ]K>lyhedral cells, aji 
internal delicate membrane, and, finally, the ceuteal 
caTTty, or lumen. 

The first part — about one-third or one-fourth — 
of the coiled tube (Fig. 146) is of the same stmo- 
tnre, and is directly continuous with the sudoriferous 
canal, with which it is identical, not only in structure^ 
but in size. The remainder of the coiled tube— i.e., 
the distal part: — is larger in diameter, and differs in 
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these essential respects, that its epithelium is a single 
layer of transparent columnar cells, and that thei*e 
is between this and the limiting membrana propria 
a layer of non-striped mtiscle cells (KoUiker) arranged 
parallel with the long axis of the tube. In some 
places, as in the palm of the hand and foot, in the 
scrotum, the nipple of the breast, the scalp, but 
especially in the axilla, this distal* portion of the coiled 
tube is of very great length and breadth, and its 
epithelial cells contain a variable amount of granules. 
It appears to me that the cells resemble in this 
respect those of the serous salivary glands and the 
chief cells of the gastric glands (Langley), inasmuch 
as they produce in their interior larger or smaller 
granulL which are used up during secrltion, from the 
peripheiy towards the lumen. 

376. The eenmiiiioiis inlands of the meatus 
auditorius extemus are of the same structure as the 
distal portion just described, except that the inner 
part of the cell protoplasm of the epithelium contains 
yellowish or brownish pigment, found also in their 
secretion, i.e., in the wax of the ear. 

Around the anus there is an elliptical zone, in the 
skin of which are found large coiled gland tubes — the 
circumcmal glands of A. Gay — ^which are identical in 
structure with the distal portion of the sweat gland 
tubes. 

377. The sweat glands develop as a solid cylin- 
drical outgrowth of the stratum Malpighii of the 
epidermis, which gradually elongates till it reaches 
the superficial part of the subcutaneous tissue, where it 
commences to coil. The lumen of the tube is of 
later appearance. The membrana propria is derived 
from the tissue of the cutis, but the epithelium and 
muscular layer are both derived from the original 
outgrowth of the epidermis. 

378. The hair^folUcles (Fig. 147).--The skin 



almost eveiywfaere contttins cjlindncaiyolliclei, planted 
more or less near to one another, and in gronpe. In 
each of thena u fixed the root of a hair; that part 







of &e hair vldiA proje«to bejood the general soi&ce 
ofthe «ldii i* the tkaJL 

A very few phoea oontain no hair-foDidefl, eikIi, 
for nwtancr, ■« the TtJar aide of the hand and foot, 
and the akin of the penia. 

Id size, the hain and hair-fcJIicles ^Ser in difie- 
rent parta. Thoae of the acalp^ the dUa of the ejelids. 
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the hairs of the axilla and pubic region, those of 
the male whiskers and moustache, are coarse and 
thick, while the hairs of other places — e.g., the skin- 
surface of the eyelids, the middle of the arm and 
forearm, &c. — are very minute : but, as regards struc- 
ture, they are all very much alike. 

379. A complete hair and hair-follicle — that is, the 
papillary hair of XJnna — shows the following struc- 
ture: — 

The hair ' follicle. Each hair- follicle commences 
on the free surface of the skin with a funnel- 
shaped opening or nu)uth; it passes in an obUque 
direction through the corium into the subcutaneous 
tissue, in whose middle strata — i.e., in the stratum 
adiposum — it terminates with a slightly enlarged 
extremity, with which it is invaginated over a rela- 
tively small fungus-shaped papilla. This latter is of 
fibrous tissue, containing numerous cells and a loop of 
capillary blood-vessels. 

Minute hairs do not reach with their follicles to 
such a depth as the large coarse hairs, the former not 
extending generally much farther than the deep part 
of the corium. Degenerating and imperfect hairs 
(see below) also do not reach to such a depth ad the 
perfect large hair-follicles. In individuals with 
" woolly " hair — e.g., the negro race (C. Stewart), and 
in animals with ^' woolly '' hair, such as the ileece of 
sheep — the deep extremity of the hair-follicle is 
,curved, sometimes even slightly upwards. 

380. The structure of a hair-follicle is as follows 
(Fig. 1^8) : There is an outer coat composed of 
fibrous tissue; this is the ^brous coat of the hair- 
sac. It is merely a condensation of the surround- 
ing fibrous tissue, and is continuous with the 
papilla at the extremity of the hair-follicle. About 
the end of the hair-follicle, or sometimes as much 
as in the lower fourth, there is inside of this 
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fibrous l&yer of the hair Btu; a single continuous 

layer of transversely or ciTcularly-arranged tpvndlf 

thaped cells each with an oval flattened or staff 

shaped nucleus completely resembling and generally 

considered to be 

non-striped mua ^ 

cle cells. Inside / 

of this layer of 

the bair-sac is 

a glassy looking / 

hyaline,basemcnt i 

membrane whi(.h ' \ ^ 

is nut very dia 

tinot in mmute ' 

hairs, but is sufii y 

ciently ' conspicu 

ous in large ndult li 

hair - follicles. 

This gUuay memr 

-hrane, as it is *' ~ ^"""i^'iiHii^iVii 

called, is a direct ■, Mirmw ot Iialr; t. cnrUi or had: I. caUcie M 
continuation of .'acnlfi lyM^cir 'inn"^rQot-rt"^tli iTouwrVooi: 
the basement ««c''t,fr5i^"S«iini"eBiBe, ™"'™"° 

membrane of the 

surface of the coriunj, and it can be traced as a delicate 
membrane also over the surface of the hair-papilla. 

381. Next to the glassy menibrane is the outer 
voot-theath, the most conspiouQus .part of the hair-fol- 
licle. It oonsists of a thick stratified epithelium of 
.exactly the some nature as the stratum Malpighii of 
■the epidermis, with which it is directly continuouB, 
«nd from which it is developed. In the outer root- 
sheath the layer of cells next to the glassy membrane 
is columnar, just like the deepest layer of cells in the 
stratum Malpigbii ; then follow inwards several layem 
of polyhedral cells; and, finally, flattened nucleated 
scales form the inneEmost boundary of the outer root- 
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sheath. The stratum granulosum of the stratum 
Malpighii is not continued beyond the mouth of the 
hair-follicle, but there it is generally very marked. 
The outer root-sheath becomes greatly attenuated at 
the papilla — ^in fact, is there continuous with the cells 
constituting the hair-bulb. 

382. The centre of the hair-follicle is occupied by 
the root of the hair, which terminates with an en- 
larged extremity — ^the hair^ulh ; this grasps the 
whole papilla. The hair-bulb is composed of ix>ly- 
hedral epithelial cells, separated from one another 
by cement substance, and continuous with the cells 
of the extremity of the outer root-sheath, from 
which they originate in the first instance ; just over 
the papilla there is a special row of short columnar 
cells, which are in an active state of multiplication, 
and by which continuously new cells are formed. 
Thus a gradual shifting of the cells of the hair- 
bulb upwards into the cavity of the hair-follicle — 
i,e,y the hair — takes place; but at the same time 
these progressing celk become elongated, spindle- 
shaped, and constitute the cells of the havr mbstcmce^ 
except in the very centre, where they remain poly- 
hedral, so as to represent the cells of the ma/rrow of 
the havr, and in the periphery, where they remain 
more or less polyhedral, so as to form the irmer root- 
sheath. 

383. The root of the hair, except at the hair- 
bulb, shows the following parts : The substance of the 
hair, the cuticle, and the wmer root-sheath. The 
substance of the hair is composed of the hair fbres, 
i.e., long thin fibres, or narrow long scales, each com- 
posed of hyaline homy substance, and possessed of 
a thin staff-shaped remnant of a nucleus. These 
are held together by a certain amount of interstitial 
cement substance. Towards the bulb they gradually 
change into the spindle-shaped cells above men- 
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tioned. They can be isolated by strong acids aad 
alkalieB. In pigmented hairs there occur numerous 
pigment gramtdei betvjeen the hair fibres, but also 
diffused pigment in their substance. The same is 
noticed with reference to the hair-bulb — viz., pigment 
graaules being present in the intercellular cement, 
and pigment also in the cell subatance. In the centre 
of many hairs is a cylindrical space, containing gene- 
rally one row of polyhedral cells, which are, to a great 
extent, filled with air, and, in pigmented hair, also 
with pigment granules. 

384. On the surface of the hair substance is a thin 
cuticle, a single layer of homy non-nucleated hyaline 
scales arranged more or less transversely ; they are 
imbricated, and, according to the degree of imbrica- 
tion, the cuticle shows more or less 

marked projections, which give to the f ^ 

circumference of the hair the appear- ».' ^. ;■;':> -ilrj 
ance of minuteteeth,like those of ft saw. 

385. The inner rootrsheath in weU- 
formed, thick hairs, is very distinct, 
and consists of a delicate cuticle next 
to the cuticle of the hair ; then an 
inner, or Sua^et^a, layer, which is a 
mngle, or sometimes double, layer of j^ ,"'iV:r= ; J| 
homy cubical cells, each with a rem- j '^'-lJ;;.; < ;■■! 
nant of a nucleus ; and, finally, an 

outer, or SerUe'g, layer^-a, single layer S\eh viei°o?iSe 
ctf non-nucleated homy cubical cells. memW aumu 

The sbaik of the liair (Fig. ^^|^ ^ ^,j,. 
149), or the part projecting over fiiSSlTa'cSuS^'*' 
the &ee surface of the skin, is of 
eiiaotly the same structure as the root, except that it 
possesses no inner root-sheath. 

386. As mentioired above, at the hair-bulb the 
polyhedral cells constituting this latter gradually pass 
into the different parts of the hair — i.e., marrow-sub- 
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root-sheath — and the con- 
cella over the papilla. causes a 
gradual progreecdon and con- 
version of the cells, and a 
corresponding growth in 
length of the luur shaft 

Pigmented hairs, as men- 
tioned above, contain pig- 
ment gran ules between — t. e. , 
in the interstitial substance 
cementing together — the 
hair fibres, and diffuse pig- 
ment in their Hubstance. 
According to the amount 
of these pigments, but es- 
pecially of the interstitial 
pigment granules (Pincua), 
the colour of the hair is of 
a greater or lesser dark 
tint. In red hairs there is 
chiefly diffuse pigment In 
white or fair hairs neither 
■the one nor the other 
pigment is present ; In grey 
there is air at least in 
the superficial layers of the 
hair substance, beaides ab- 
sence of pigment. 

Sleek hairs are cirou- 
jlar, ourly oval, in ccoss-sec- 

387. New fonuitloB 

•r hair (Fig. IfiO). — 
jr'^^^ Erery hair, be it fine and 
short or thick and lon^ 
under normal conditions, 
has only a limited exis- 
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tence, for its hair-folHcle^ induding the papilla, sooner 
or lator undergoes * degeneration, and subsequent to 
tins a new papilla and a^ new hair are formed in its- 
place; What happens is this— ^the lo'wer part ofi 
the hair-follicle,, including' ther papilla and hair-bulb, 
degenerates' and is gradually absorbed. Then there 
is left only the upper part of: the follicle, and in' 
the centre of this is' the retnudnder — 1.6;, non-degene- 
rated portion— of the hair root. The fibres of this bsb 
at the extremity fringed out and lost amongst the 
cells of the outer root-sheath of the follicla This 
r^resents the hai/r-kTioh (Henle). Now, from the 
outer root-sheath a cylindrical outgrowth of epithet 
lial cells into the depth takes place; against the 
extremity of this a new papilla is made. In con- 
nection with this new papilla, and in the centre of 
tiiat cylindrical ou1^;rowth^ a .new hair and hair-bulb 
are formed, and as these gradually grow outwards- 
towards the surface they lift, or rather push, the old 
hair — i^*, the hair-knob — out of the follicla The 
outer part of the follicle of the old hair persists. 

Thus we find in aU parts of the skin where hairs 
occur, complete or papillary hairs side by side with 
degenerating hairs, or hair-knobs. 

388. DeT-elopment of haliv— In the human 
fcetus the hair^f ollicles make their first appearance about 
the end of the thiixl month, as solid cylindrical out- 
growths from the stratum MalpighiL This is the rudi- 
ment of the outer root-sheath. After having pene- 
trated a short distance into the corium, this latter be- 
comes condensed around it as the rudiment of the hair- 
sac, and at th^ distal extremity forms the papilla 
growing against the outer root-sheath and inva- 
ginating it. In connection with the papilla a rapid 
multiplication of the epithelial cells of this extremity 
of the outer root^sheath tidces place, and this forms the 
hair-bulb, by the multiplication of i whose cells the hair 
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and the inner root^eath are formed. As growth 
and multiplicaftion proceed at the hair-bulb, so the 
new hair, with its distal-pointed end, gradually reaches 
the outer surface. It does not at once penetrate the 
epidermis, but remains growing and burrowing its 
way for some time in the stratum comeum of the 
epidermis in a more or less horizontal direction. 

389. In many mammals occur, amongst ordinary 
hairs, special large hairs, with huge hair-follicles 
planted deeply into the subcutaneous tissue; such 
are the big hairs in the skin about the lips of the mouth 
in the dog, cat^ rabbit, guinearpig, mouse and rat, &c. 
These are the tactile hairs. Their hair-follicle pos- 
sesses a thick hair-sac, in which are contained lai^e 
sinuses intercommunicating with one another and 
with the blood system ; these sinuses are separated by 
trabecule of non-striped muscular tissue, and repre- 
sent, therefore, a cavernous tissue. The papilla is 
very huge, and so is the outer root-sheath and the 
hair-root in all its parts. Thei'e are vast numbers of 
nerve-fibres, distributed and terminating amongst the 
cells of the outer root-sheath (Amstein). 

390. With each hau>follicle is connected one or 
two sebaceous follicles. These consist of several fiask- 
shaped or oblong alveoli, joining into a common short 
duct opening into the hair-follicle near the surface — 
i,e., that part called the neck of "the hair-follicle. 

The alveoli have a limiting membrana propria; 
next to this is a layer of small polyhedral, granular- 
looking, epithelial cells, each with a spherical or oval 
nucleus ; next to this, and filling the entire space of 
the alveolus, are large polyhedral cells, each with a 
spherical nucleus; the cell-substance is filled with 
minute oil-globules, between which is left a sort of 
honeycombed reticulated stroma. The cells nearer to 
the centre of the alveolus are the largest. To- 
wards the duct they become shrivelled up into an 
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amorphous mass. The duct iteelf is a oontinuatioii of 
the outer root-sheath. 

As multiplication goes on in the marginal layer of* 
epithelial cells — f.6., those next the membrana propria 
— the products of this multiplication are gradually 
shifted forward towards the duct, and through this 
into the neck and mouth of the hair-follicle, where 
they constitute the elements of aehv/ni. 

There is a very characteristic misproportion be- 
tween the size of the hair-follicle and that of the 
sebaceous gland in the embryo and new-bom, the 
sebaceous gland being there so large that it forms the 
most conspicuous part, the minute hairs (lanugo) being 
situated, as it were, in the duct of the sebaceous 
follicle. 

• 391. In connection with each hair-follicle, espe- 
cially where they are of good size — as in the scalp — 
there is a bundle, or rather group of bundles, of non- 
striped muscular tissue ; this is the arrector pili. It is 
inserted in the hair-sac near the bulbous portion of the 
hair-follicle, and passes in an oblique direction towards 
the surface of the corium, grasping, as it were, on its 
way the sebaceous follicle, and terminating near the 
papillary layer of the surface of the corium. The 
arrector pili forms with the hair-follicle an acute 
angle — this latter being planted into the skin in an 
oblique direction, as mentioned above — ^and conse- 
quently, when the arrector contracts, it has the effect 
of raising the hair follicle and hair (cutis anserina — 
^'goose's skin"), and of making the hair assume a 
more upright position (causes it, as we say, to " stand 
on end"). At the same time, it compresses the 
sebaceous follicle, and thus facilitates the discharge of 
the sebum. 

392. The corium of the scrotum, of the nipple of 
the breast, of the labia pudendi majora, and of the 
penis, contains numbers of bundles of non-striped 
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ronscolar tissue (Kolliker), independent of the hairs ; 
these run in an oblique and horizontal direction, and 
foiU plexuses. 

393. The mUUr (Fig. \5l). — We distingnish the 
body of the nail from ti^e free margin and from the 
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root ; the body is the nail proper, and is fixed on to 
the naU-bed, while the nail-root ia fixed on the nail- 
matrix — I.e., the posterior part of the nail-bed. The 
nail ia inserted, with the greater part of ita lateral 
ttud the posterior margin, ia the nail-groove, a fold 
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by which the nail-matrix passes into the surrounding 
skin. 

394. The 9id>8tcmce of the nail is made up of a 
large number of strata of homogeneous homy soedes— ^ 
the TiaU-celU — each with a staff-shaped remnant of a 
nucleus. 

The corium of the nail-bed is highly vascular ; it 
is firmly fixed by stiff bands of fibrous tissue on the 
subjacent periosteum; it is covered with a stratum 
MaJpighii of the usual description, except that the 
stratum granulosum is absent in the nail-matrix, but 
is present in a rudimentary state in the rest of the 
nail-bed The nail itself represents the stratum 
lucidum, of course of exaggerated thickness, situated 
over the stratum Malpighii of the nail-bed. There 
is no stratum comeum over the nail. 

The stratum Malpighii and corium of the nail-bed 
are placed into permanent minute folds, and the nail 
possesses on its lower surface corresponding linear 
indentations. 

395. In the foetal nail-bed the stratum Malpighii 
is covered with the usual stratum lucidum and stratum 
comeum, but the former is the larger; by a rapid 
multiplication of the cells of the stratum Malpighii, 
and a conversion of its superficial cells into the scales 
of the stratum lucidtim, the foetal nail is produced. 
At this early stage the nail is covered by stratum 
comeum. By the end of the fifth month the margin 
breaks through this stratum cometim, and by the 
seventh month the greater part has become clear 
of it. 

396. The blood-vessels of the skin.— The 
blood-vessels are arranged in different systems for the 
different parts of the skin (Tomsa) : — 

(a) There is, first, the vascular system of the 
adipose tissue, differing in no way from the dis- 
tribution of blood-vessels in fat tissue of other placea 

T 
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(6) Then there is the vascular system of the hair- 
follicles. The papilla has a capillary loop, or rather 
a mraute arteriole, a capillary loop, and a descending 
vein, and the fibrous tissue of the hair-sac possesses 
capillaries arranged as a network with elongated 
meshes, with its afferent arteriole and efferent vein. 

(«) The sebaceous follicle has its afferent arteriole 
and efferent vein, and capillary networks surrounding 
the alveoli of the gland. The arrector piH and other 
bundles of non>striped muscular tissue possess capil- 
lary networks with elongated meshes. 

(ji) The sweat-glands have an afferent arteriole, 
from which proceeds a very rich network of capil- 
laries, twining and twisting round the gland-tube. 
The duct possesses its separate afferent arteriole and 
capillaries, forming elongated meshes. 

(«) The last arterial branches are those that reach 
the surface of the corium, and there break up into a 
dense capillary network with loops for the papillso. 
In connection with these capillaries is a rich plexus of 
veins in the superficial layer of the corium. 

(/) In the nail-bed ai*e dense networks of capil- 
laries, with loops for the above-named folds. 

397. The lymirtiatics. — ^There are networks of 
lymphatic vessels in all strata of the skin ; they are, 
•more or less, of horizontal expansion, with oblique 
branches passing between- them. Their wall is a 
single layer of endothelial cells, and some of them 
possess valvea Those of the surface of the corium 
take up lymphatics of the papillae. The subcutaneous 
lymphatics are the biggest. The fat tissue, the sweat- 
^ands, and liie hair-follicles possess their own lym- 
phatic clefts and sinuses. The interfascicular spaces 
of the corium and subcutaneous tissue are directly 
continuous with the lymphatic vessels in these 
pai'ts. 

398. The nerves.— The nerve-branches break up 
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into a dense plexus of fine nerve-fibres in the super- 
ficial layer of the corium. This plexus extends hori- 
zontally, and gives off numerous elementary fibrils 
to the stratum Malpighii, in which they ascend verti- 
cally and in a more or less wavy fashion towards the 
stratum lucidum (Langerhans, Podkopaeff, Eberth, 
Eimer, Ranvier, and others). According to some, they 
terminate with a minute swelling ; according to others, 
they form networks ; but they always remain between 
the ^ithelial cells. 

The subcutaneous nerve-branches of some places 
— ^palm of hand and foot and skin of penis — give 
off single medullated nerve-fibres, terminating in a 
Pacinian corpuscle, mentioned in a former chapter. 
In the volar side of the fingers and toes there occur 
iu some of the papillae of the corium the tactile or 
Meissner's corpuscles, each connected with one or two 
medullated nerve-fibres, as described in a previous 
chapter. The outer root-sheath of the hair-follicles 
contains, the terminations of fine nerve-fibres, in the 
shape of primitive fibrillee (Jobert, Bonnet, and 
Amstein). According to Jobert, the nerve-fibres 
entwine the hair-follicle in circular turns. The tactile 
hairs possess a greater supply of nerves than the 
ordinaiy hair-foUiclcs. 



CHAFIEK XXXV. 

THfi CONJUNCTIVA AND ITS GLANDS. 

399. (1) The eyeUds— The outer layer of the 
eyelids is skin of ordinary description ; the inner is a 
delicate, highly vascular membrane — the conjunttiva 
palpebrte. This includes a firm plate — the tarscU-plate 
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— ^which is not cartilage, but very dense, white, fibrous 
tissue. In it lie embedded the Meibomian glcmds. 
These extend in each eyelid in a vertical direction 
from the distal margin of the tarsal-plate to the free 
margin of the eyelid ; in the posterior angle of this 
margin lies the opening or mouth of each of the 
Meibomian glands. 

The duct of a Meibomian gland is lined with a 
continuation of the stratified pavement epithelium, 
lining the free margin pf the lid ; it passes in the 
tarsal-plate toward its distal margin, and takes up on 
all sides short minute ducts, each of which becomes 
enlarged into a spherical, saccular, or flask-shaped 
alveolus. This is identical in structure a/nd secretion 
with the alveoli of the sebaceous foUicles of the 
skin. 

400. The conjunctival layer is separated from the 
subcutaneous tissue of the skin-layer of the eyelid by 
the bundles of the sphincter orbicularis — striped mus- 
cular tissue. Some bundles of this extend near the 
free margin of the lid, and represent what is known 
as the musculus ciliaris RiolanL This sends bundles 
around the mouth of the Meibomian ducts. 

401. At the anterior angle of the free margin of 
the lid are the eyelashes or cilia^ remarkable for their 
thickness and rapid reproduction. Near the cilia, but 
towards the Meibomian ducts, open the ducts of pecu- 
liar large glands — the glcmds of MohL Each of these 
is a wavy or spiral tube, passing in a vertical direction 
from the margin of the lid towards its distal part ; it 
completely coincides in structure to the large portion 
of a sweat gland— 1.6., that part containing a columnar 
epithelial lining, and between this and the membrana 
propria a longitudinal layer of non-striped muscular 
cells. 

The free margin is covered, as mentioned above, 
with stratified pavement epithelium, into which the 
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mucous membrane extends in the shape of minute 
papillaB. In the conjunctiya palpebrse the epithelium 
is thin, but stratified pavement epithelium; there are 
no papillae, but the sub-epithelial mucosa — ^that is, the 
layer situated between the epithelium of the surface 
and the tarsal-plate-— contains a dense network of 
capillary blood* vessels. 

402. Passing from the eyelids on to the eyeball, 
we have the continuation of the conjunctiva palpebne 
— Le,j the fornix conjunctivse — and, further, the con- 
jiinctiva fixed to the sclerotic, and terminating at the 
margin of the cornea — the conjunctiva bulbL The 
epithelium covering the conjunctiva fornicis and con- 
junctiva bulbi is stratified epithelium, the superficial 
cells being short columnar; next to the fornix the 
superficial cells are beautiful columnar, and the 
mucosa underneath the epithelium is placed in regular 
folds (Stieda, Waldeyer). Towards the cornea the 
epithelium of the conjunctiva assumes the character 
of stratified pavement epithelium, and minute papillsa 
extend into it from the mucosa. 

403. The mucous membrane is fibrous tissue, 
containing the networks of capillary blood-vessels. 

Into the fornix lead minute mucous glands, em- 
bedded in the conjunctiva fornicis ; they are the glands 
of Kravse, Similar glands exist in the distal portion 
of the tarsal-plate. 

404. The blood-vessels of the conjunctiva ter- 
minate as the capillary network of the superficial 
layer of the mucosa, and as capiUaiy networks for the 
Meibomian glands, Krause's gland, &c. Around the 
corneal margin the conjunctival vessels are particu- 
larly dense, and loops of capillaries extend from it 
into the very margin of the cornea. 

405. The lymphatics form a superficial and 
deep network. Both ace connected by short branches. 
The deep vessels are possessed of valves. The super- 
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ficial plexus is densest at the limbus cornese, and they 
are in direct connection with the interfascicular 
lymph clefts, both of the sclerotic and cornea. In 
the margin of the lid the superfieial lymphatics of 
the skin anastomose with those of the conjunc- 
tiva. 

Lymph follicles occur in groups in the conjunctiva 
of many mammals about the inner angle of the eya 
In the lower eyelid of cattle they are very con- 
spicuous, and known as the glands of Bruch. They 
are also well-marked in the third lid of many 
mammals. 

According to Stieda and Morano, isolated lymph 
follicles occur also in the"* human conjunctiva. 

406. The nerves are very numerous in the con- 
junctiva ; they form plexuses of non-medullated fibres 
underneath the epithelium. From these plexuses fine 
fibrils pass into the epithelium of the sur&ice, between 
whose cells they terminate as a network (Helfreich, 
Morano). End bulbs of Krause occur in great num- 
bers in man and calf. They have been mentioned in 
a former chapter. 

407. (2) The lachrymal g'laads are identical 
in structure with the serous or true salivary 
glands. The arrangement of the connective tissue 
stroma, the nature and structure of the ducts — espe- 
cially of the intralobular ducts — and alveoli, the dis- 
tribution of blood-vessels and lymphatics, are exactly 
the same as in the true salivary glands. Reichel 
has found that the epithelial cells lining the 
alveoli are well defined, conical or cylindrical, trans- 
parent and slightly granular duiing rest; but 
during secretion they grow smaller, more opaque 
and jB^-anular, their outlines not well defined, and 
the nudeua becomes more spherical and placed more 
centrally. 

408. In most mammals there is in the inner 
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angle of the eye, and closely placed against the sur- 
face o£ the eyeball, a gland, called Harder^a gland. 
According to Wendt^ this is either a true serous 
gland, like the lachrymal — ^as in the ox, sheep, and 
pig — or it is identical in structure with a sebaceous 
gland, as in the mouse, rat, and guinea-pig ; or it 
consists of two portions, one of which (white) is 
identical with a sebaceous, while the other (rose- 
coloured) is a true serous gland ; such is the case in 
the rabbit and hare. According to Giacomini, a 
rudiment of Harder's gland exists also in the ape 
and man. 



CHAPTER XXXVI. 

THB COSNBA, SCLEROTIC, LIGAMENTUK PECTINATUM, 

AND CILIARY MUSCLE. 

409. L The cornea (Fig. 152) of man and many 
mammals consists of the following layers, counting 
from front to back : — r 

(1) The epithelium of the anterior swrface (see 
Fig. 15) ; this is a very transparent, stratified, pave- 
ment epithelium, such as has been described in par. 
22; It is directly continuous with the epithelium of 
the conjunctiya, but it is more transparent ; in dark 
pigmented eyes of mammals the epithelium of the 
ronjunctiva is also pigmented. In these cases the 
pigment, as a rule, does not pass beyond the margin 
of the cornea. 

' 410. (2) Kext foUows a homogeneous elastic mem- 
brane, BonmnaffCa membrcmey or elastica anterior. It 
is best shown in the human eye, but is present, even 
though only rudimentary, in the eye of mammals. 
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(3) Then follows the ground tvhgtance, or sa1>- 
atantia propria, of the cornea. This is composed of 
lamellee of bimdlea 
of fibrous connective 
tissue. Keighboaring 
lamelln are connected 
with one another by 
obliqae bundles. 

The fibre bundles 
within each lamella 
run parallel to the sur- 
face of the cornea, but 
may cross one another 
under various angles. 

In the anterior 
layer of the ground 
substance some of thfl 
bundles pass through 
several lamelUe in an 
oblique manner ; they 
represent the fibrie 
arcuatte. 

The fibrils within 
the bundles,' and the 
bandies, and the la- 
mells of bundles are 
held together by an 
interstitial, albumin- 
ous, semi-fluid, cement 
substance, which, like 
other similar int«rsti- 
1 substances, be- 

i Uie~Hraibnn«^ ^'iye longs to the globulins, 

and is soluble in 10 
*cSiiS~' '■iiSSIl''iui'^rtfn«?rrA per cent saline sola- 
^oStr!"^iSJ?"i2?'™ni.''oi'iSi,S t'on (Schweigger Sei- 
«™«| v^.piin=i„ popiiiB lu »M. den_ A fgT, elastic 
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fibrils are seen here and there. Between the lamelln 
are left the lacunfid and canaliculi for the branched, 
flattened, nucleated eamecU corpuadea^ described in 
a previous chapter (Figs. 25, 26). They anasto- 
mose with one another within the same plane, and 
also, to a limited degree, with those of neighbouring 
planes. 

411. (4) The membrana Beseemetl, or elastica 
posterior, is a resistent elastic membrane, conspicuous 
by ita thickness in all comeie. 

(5) The posterior surface of this membrane is 
covered with a mosaic of beautiful polygonal endo- 
thelial cells, each with an oval nucleus — ^the en- 
dothelium of Descemet's membrana Under stimu- 
lation these cells contract. At first they appear 
slightly and numerously branched, but gradually 
their processes become longer and fewer, and 
ultimately they are reduced to minute clumps 
of nucleated protoplasm, each with a few long pro- 
ce8se& 

There are no blood-vessels in the normal cornea, 
except in foetal life, when there is underneath the 
anterior epithelium a plexus of capillaries. 

The lymphatics are represented as the inter- 
commtmicating lymph-canalicular system — ».«., the 
lacunsB and canaliculi of the corneal corpuscles ; and 
in connection with these are lymph channels lined 
with a continuous endothelium and containing the 
nerve bundles. 

412. The nerves (Figs. 68, 69, 70) are distri- 
buted as the nerves of i£e anterior layers, and as 
those of the Descemet's membrane. The first form 
rich plexuses of fibrillated axis cylinders, with trian- 
gular nodal points (Oohnheim), in the anterior layers of 
the ground substance ; from this plexus pass obliquely 
through Bowman's membrane short branches — ^the 
rami perforantes (Kolliker) — and these immediately 
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vndemeatli tbe cpilheliiim lueak «p into timr cod- 
■tiliieiiit primitiTe fibrilay the latter cnming off tbe 
iormer broslt-like (Coimlieim). Tbeae pnmitiTe 
fibnD» vhimatel J aaceiMt into the mtenor epidieliiiBft 
(Hojer, Cobnbeun, amd others)^ iriiere tiMj Immdiy 
ftnd ikcarlj readi the smiMsa Thej aiwajs ran 
between the epithelial ceLLsy and are connected into 
a neiirork. A cmrdiiy to soBe obac r v c B^ they termi- 
nate wilh free end% pointed or knobbed ; but a ccord in g 
to others, with whom I agree, these iq>pari9it free ends 
are not in reality free endingn 

415. The nerves of Descemet^s membrane finrm 
abo a plexos of non-niednUated fibres in the poskenor 
kijers of the ground snbstanoe; from than oome 
off vast numbers of primitEYe fihrillc^ running a more 
or less straight and long cosise, crossing one another 
often imder right angles; they give <^ vexy fine 
fibrils, which are closely asBociated with the CMXieai 
erapnscles, without, howoTer, realbf becoming eon- 
tinnoos with their protoplasm. 

414. IL The sd^r^tic consists (^ lamells of 
tendinous tissaa The bnndles of fibrous tissue are 
opaque as compared with those of the cornea, although 
they pass insensibly into th^n. There are lymph 
clefts between the lameUie and trabeculse, and in 
tiiem lie the flattened oonnectiTe tissue 0Qrpus<de8» 
which, in the dark eyes of some mammals only, contain 
pigment granules. Numerous elastic filndls axe met 
with in the inner layers of tbe sclerotica 

415. Between the sclerotic and choroid membrane 
is a loose fibrous tissue, which acts also as the sup- 
porting tissue for the blood-vessels passing to aiid from 
the choroid. The part of this loose tissue next 
to the sclerotic, and forming part, as it were, of 
the sclerotic, contains^ in dark eyes of Tn<^"?iy*ftlB, 
numerous pigmented connectiye tissue corpuscles ; it 
is then caUed Icmdna fusca. The rest — i.c,, next 
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to the choroid membrane — is the supra-choroidal 
tissue. 

416. There are blood-vessels in the sclerotic, which 
belong to it: they are arterioles, capillaries, and 
veins ; in addition to these are the vascular branchei 
passing to and from the choroid. 

417. ITJ. The ligrameiitwiii pecttnat«ni 
iiidis (see Mg. 152) is a conical mass of spongy tissue, 
joining firmly the cornea and sclerotic to the iris and 
ciliary processes. It forms an intimate connection, on 
the one hsmd, with the junction of cornea and sclerotic, 
and on the other, with that of the iris and ciliary pro- 
cesses. This ligament is composed of trabecule and 
lamelliB of stiff elastic fibres, forming a continuity, on 
the one hand, with the lamina Descemeii of the cornea 
and the elastic fibres of the sclerotic, and on the other, 
with the tissue of the ciliary border of the iris. The 
trabecuke anastomose, so as to form a honeycombed 
plexus, and the spaces in this plexus are lined 
with a layer of flattened endothelial cells, directly 
continued from the endothelium of Descemet's mem- 
brane, on the one hand, and with the layer of endo- 
thelial cells covering the anterior surface of the iris, 
on the other hand. In some mammals, the spaces 
in the ligamentum pectinatum at the iris end are 
very considerable^ and are called the spaces of 
Fontana. 

The interlamellar and interfascicular lymph- 
spaces of the sclerotic form an intercommunicating 
system. 

The nerves form a dense plexus of non-meduUated 
fibres in the tissue of the sclerotic (Helfreich). 

At the point of junction of the cornea and sclerotic-, 
but belonging to the latter, and in the immediate 
neighbourhood of the ligamentum pectinatum iridis, 
is a circular canal — ^^e Qanal of Schlenvm; this is 
lined with endothelium, and is considered by some 
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(Schwalbe) as a lymphatic canal; bj others (Leber) 
as a venous vessel 

418. lY. The ciliary. m«S€le (Fig. 152) or 
tensor choroidese, is £xed to this ligamentum pecti- 
natiun; it is composed of bundles of non-striped 
muscular tissue. This muscle consists of two parts : 
(a) one of circular bundles nearest to the iris — ^this 
is the portio Miilleri ; (6) the greater part is composed 
of radiating bundles, passing from the ligamentum 
pectinatum in a meridional direction for a consider^ 
able distance backwards into the tissue of the choroid 
membrane. It occupies the space between the liga- 
mentum pectinatum, sclerotic, ciliary processes, and 
the adjoining portion of the choroid membrane. 
The bundles of the muscle are arranged more 
or less in lamellae; within each lamella &ey form 
plexuses. 

A rich plexus of non-medullated nerve-fibres, with 
groups of ganglion cells, belongs to the ciliary muscle. 



CHAPTER XXXVII. 

THE IRIS, CILIABY PBOCESSES, AND CHOROIDEA. 

419. I. The Iris consists of the following layers: — 

(1) The endothelium of the anterior surface : trans- 
parent, flattened, or polyhedral cells, each with a 
spherical or slightly oval nucleus ; in dark-coloured 
eyes of man and mammals brown pigment granules 
are contained in the cell-substance. 

(2) A delicate hyaline basement membrane : it is 
continuous through the trabeculse of the ligamentum 
pectinatum, with the membrana Desoemeti of the 
cornea^ 
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(3) The substantia propria: this is the ground- 
substance ; it consists of fibrous connective tissue in 
bundles, accompanying the blood-vessels, which are 
very numerous in the tissue o£ the iiis. Many 
connective tissue corpuscles are found in the sub- 
stantia propria ; they are more or less branched, and 
many of them contain, in all but albino and blue 
eyes, yellowish-brown pigment granules. The colour 
of the iris varies according to the number of these 
pigmented connective tissue cells, and to the amount 
of the pigment granules present in them. 

(4) A hyaline delicate basement membrane limits 
the substantia propria at the posterior surface ; this 
is an elastic membrane, and is continued over the 
ciliary processes and choroid as the lamina vitrea, 

420. (5) The last layer is the epithelium of the 
posterior surface : this is a layer of polyhedral cells, 
filled with dark pigment granules, except in albinos, 
where there are no pigment granules. This endo- 
thelium is called the uvea, or tapetum nigrum; The 
interstitial cement substance between the cells is not 
pigmented, but transparent. 

The name "uvea" is sometimes applied to the 
whole of the iris, ciliary processes, and choroid mem- 
brane. 

In Uue eyes the posterior epithelium is the only 
pigmented part of the iris, and so it is also in the 
iris of new-born children ; hence, their eyes are blue. 
Such iris appears blue because its dull tissue is viewed 
on dark ground — i,e,, on the pigmented epithelium of 
the posterior surface. 

421. Near the pupillary border the posterior sec- 
tion of the substantia propria contains a broad layer 
of circular bundles of non-striped muscular tissue : 
this is the sphincter ptvpiUce, In connection with this 
are bundles of non-striped muscular fibres, passing in 
a radiating direction towards the ciliary margin of the 
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iris : these are tjie bundles of the dilatator pupillm, 
forming a sort of thin membrane near t^e posterior 
surface of the iris (Henle and others). At the ciliary 
mai^n the bundles take a 
'•rciitar direction, and form a 
f exua (Ivanoff). 

422. The Mo«4-vemeta 
1^ 153) of the iris are 
?ry nnmerouB. The arteriM 
L -e derived from the circnlns 
I -teriosns iridis major, situated 
at the ciliary margin of the 
iris, and from the arteries of 
the ciliary processes. These 
arteries run in a radiating 
direction towards the pupillary 
margin, where they terminate 
in a dense network of capillaries 
for the sphincter pupills. But 
there are also numerous capil- 
lary blood-vesaels of a moie or 
less longitudinal direction near 
the posterior surface of iisB iris. 
The veins accompany the arte- 
ries, and both are situated in 
the middle stratum of the 
i^. im. — BIood-ncMb substantia propria 
n'oSdd'M™.,^ In tha sheath of the blood- 

ofth.Bjeo(«CWia. vessels &re lymph elefU and 
lymph tinutes ; there appear to 
I no other lymphatics. 

433. The nerve-flkres 
B Tery nnmeroua (Arnold, 
Formal), and in the outer or 
ciliaiy portion of the iris form a rich plexus, from 
which are derived, (a) networics of non-medullated 
fibres for the dilator pupilke ; (6) a network of fine 
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non-medullated fibres for ihe anterior surface ; and 
(c) a network of non-medullated fibres for the 
sphincter pupillse. 

The capillary blood-vessels are also accompanied 
by fine nerve-fibres (A. Meyer), and, according to 
Faber, there exist ganglion cells in these nerve net- 
works. 

424. n. The ciliarjr processes are similar in 
structure to the iris, except, of course, that they do 
not possess an anterior endothelium or an anterior 
basement membrane. The substantia propria is 
fibrous tissue with elastic fibres and numerous 
branched cells, pigmented in dark (but not in blue) 
eye& The posterior basement membrane is very 
thick, and is called the lamirha vitrea; in it may be 
detected bundles of fine fibrils. It possesses perma- 
nent folds arranged in a network (H. MtQler). The 
inside of it is covered with a layer of pigmented poly- 
hedral epithelium, the tapetum nigrum : the cells are 
polygonal when viewed from the surface. The in- 
dividual cells are separated by thin lines of a trans- 
parent cement substance. This pigmented epithelium 
is covered with a layer of transparent columnar 
epitheloid cells, each with an oval nucleus. These are 
closely fixed on the tapetum nigrum, and represent a 
continuation of the retina over the ciliary processes : 
this is the pars ciliaris retince (Fig. 154). 

425. The arterial branches for the ciliary processes 
and muscle are chiefly derived from the circulus arte- 
riosus iridis major, and form a dense network of 
capillaries for the former; to each of these corre- 
sponds a conical group of capillaries (Fig. 153). 

426. III. The choroid membrane consists — 
counting from outwards, i.e., from the sclerotic, inwards, 
ie., towards the retina — of the following layers : — 

(1) The membrana supra-choroidea. This is a 
continuation of the sclerotic, with which it is identical 
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in structure; the spaces between its lamelle are 
lined with eodotheliuin, and represent lymph spaces 
(Schwftlbe). 

(2) Neict follows an elastic layer which contains - 
networks of elastic fibres, the branches of the arteries 




and veins, and, in its outer portion, pigmented celts 
(Fig. 155). 

427. (3) Then follows the membrana cborio- 
eapillaria, a dense network of capillary blood-Tessels 
embedded in a tissue containing numerous branched 
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and unbranched pigmented and unpigmented oonnec- 
tiye>tissue cells. 

(4) The lamina vitrea \ and, finally, 

(5) The tapetum nigrum, or the pigmented epithe- 
lium, which, however, is considered part of the 
retina In t&e region of the ora serrata of the 
retina also — i.e., next 

to the ciliary processes 
— this zone of the 
choroidea is lined 
with a layer of trans- 
parent, columnar, 
epitheloid cells, re- 
presenting the pars 

rili«n'« rpf inm ^%- !«.— Pigmented Connective Tissue 

Cllians rei;m». g^U^ ^| ^^ choroid Coat. (Atlas.) 

428. The arteriss 
cHiares breves and recurrentes, situated in the outer 
paii: of the choroidal tissue, form ultimately the dense 
networks of capillaries for the chorio-capillaries. The 
veins derived from this pass into the outer jmrt of 
the choroid, where they anastomose so as to form the 
peculiar large veins, which are called the vensB 
vorticosae. 




CHAPTER XXXVIII. 

THE LENS AND VITREOUS BODY. 

429. (1) The lens consists of a thick, firm, elastic 
capsule and of the lens substance. The former shows 
iine longitudinal striae, and diminishes in thickness 
towards the posterior pole of the lens. The surface 
of the capsule facing the anterior sur&u^e of the lens- 
substance is lined with a single layer of polyhedral, 
granular-looking, epithelial cells, each with a spherical 
or oval nucleus. This epithelium stops as such at the 
u 
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iiiai^n of tbe lens, where its cells, gradaally elonga- 
ting, pass into the lens-fibres. The nuclei of these 
lie in a curved plane belonging to the anterior half of 
the h-ns : this is the ntteUar aone. The lens-substanoe 
consists of the lent-fibrea. These are band-like, hexa- 
gonal in transverse section ; tJieir oatline is heset 
wiUi munerous fine ridges and fnrrotrs, which in 
neighboiiiing fibres, fitting the one into the other, 
form a firm connecfdcHi between tJie fibres (Valentin, 
fienle, Eolliker, and others). The fibres of the 
peripheral portion are broader and thicker, and thejr 
substance lees firm than those of the centre — i.e., of 
the leDs^nucleus. The substance of the lens-fibres is 
finely granular and delicately and longitudinally 
stnated. 

430. The lens fibres (Fig. 156) are arranged in 
concentric lamells, each consisting of & single layer of 
fibres joined by t£eir brood 
snr&oes. Each fibre is slightly 
mlarged at the e^dremities ; 
md in each lamella the fibres 
extend from the anterior to the 
posterior surface. Their ex- 
tremities are in contact with 
the ends of the fibres of the 
same lamella in tbe au.Ui,n$, ae 
tiie rays of the so-called lent 
stars. In the lens of the new- 
bom child, the stars of both 
sbcxHng tour tiineiiai In sjiterii»' and poeterior lameUcs 
SKvt m ™«SS* i"^ possess three such rays, while 
SSi^caIuS)"'"*"'***" ^ **® adult each of these rays 
has seoondaiy rays. In these 
rays there is a homt^neous thin layer of an albn- 
nunons cement substance ; a similar substance in 
minute quantity is also present between the lamelln, . 
'it ocour smallor or la^er clefts and ohanneh^ 
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which evidently cany tiie nntritious fluid for the lens- 
fibre& 

431. (2) The vitreows bodj is a fluid substance 
enclosed in a delicate hyaline capsule — the mjemhrana 
hyaloidea. This ineim)rane^ at l^e margin of the 
fossa patellaris of the vitreous body — i.e,, the fossa in 
which the lens is lodged— but without covering it, 
piWMT as the eomsla ciliaris^ ' or zonulli Zinnii, or 
Euspengory ligaiFMnt'tA. the lens, to the margin of the 
latter, to which it is firmly adhering. So it adheres 
abo to the mtriaoe of the ciliary processes. The 
zonula Zinnii is hyaline and firm, and is strengthened 
hf numbers of bundles of minute stifl* fibrils. 

Between tbe suspensory ligament of the lens, the 
margin of the lens and of tibe fossa patellaris is a 
circ^sr lymph ^ace, called the canalis Petit! 

Beneath the membrana hyaloidea are found iso- 
lated nucleated granular-looking cells (the subhyaloid 
ceils of Ciaocio), possessed of amoeboid movement 
(Ivanoff). 

432. The substance of the corpus vitreum appears 
differentiated by clefts, concentric in the peripheral, 
radiatii^ in the central, part (Brtlcke, Hannover, 
Bowman, Ivanoff, Schwalbe). But these do not 
contain any distinct membranous structures (Stilling^ 
IvttDOff, Schwalbe). 

The canalis hyaloideus, or canal of Stilling, extends 
from the papilla nervi optici to the posterior capsule 
of the kiis, and is lined wi£h a oontinuatibn of the 
membiaiia hyaloidea. 

435. In the substance of the corpus vitreum occur 
isolated nucleated cells; they have amoeboid move- 
ments, and some contain vacuoles, from commencing 
degeneration. Hiey are all identical with white 
bloiod-<x>rpu8oleB (lieberktkfan, Sdiwalbe). 

Fine bundles of fibiik are occasionally seen in the 
substance of the vitreoqa body.' 



CHAPTER XXXIX. 

THE RETINA. 

434. The retina (Fig. 157) consUts of the foUowing 
lajwe, counting from inwards towards iite choroid mem- 
brane:— (1) The 
mem brum liniilwns 
interna, which ia 
next to the mem- 
brana hyaloidea of 
the vitreous body ; 
(2) the nerTe-fibm 
layer; (3) thehiyer 
of gangHtm cells; 
(4) the inner gran- 
idar OF inner mole- 
cnhy layer; (B) the 
layer of inner 
nuclei ; (6) the 
outer grannlar, or 
outer molecular, or 
intemudear Uyer ; 
(7) the Uyei- of 
outer nncM ; (8) 
the membiana 
linutans externa ; 

!?rj."«s?ss^Afci^^l (9) *^^ i»y«r of 

r5SiS"ti5^iiTia.7^ "^8 M"i oones; 
, , ii-.li.. tar«r(rf Mmmt™. and (10) the pig- 
mented epithelium 
of the retina, or the tapetum nigrum mentioned above, 
which forms, at the uune time, the inner lining efothO' 
lium of the choroid membranck 
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435. From tiiis arrsngement is excepte<!t — (a) the 
papilla nerri optici, (M &e macula lutea and forea 
centralis retinffi, and (c) the ora setrata of the retina. 

(a) The papilla nerri optici, or the blind apot of 




the retina, repreeeBts the entrance of the optic nerve- 
fibres into the retina; thence, as from a centiv, 
thejr spi'ead out in a radiating direction into the 
saucer-Bbaped retina, of which they form the internal 
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lajer, Ko otlier demeixts. of the retina ace fgresent at 
tke papilla, except a continuation .of the limitans 
interna. At the papilla nervi optici the arteria and 
v^ena centralis nervi optici also enter, and spread 
out with their branches in the inner layers of the 
retina A large lymph space is also found tKere. 

(6) The macula lutea and fovea ceatralis will be 
considered after the various layers of the let^ have 
been described. 

(c)^t the ora serrata all cellular and nuclear 
elements of the retina — except the pigmented epithe- 
lirqn — and the nerve-fibres, come to an end ; but the 
limitans interna, with its peculiar radial or Miiller's 
fibres, is continued over tlie ciliary processes in the 
shape of columnar epitheloid nucleated cells men- 
tioned above : this is the pars ciliaris retinsa. 

436. Structure of the layers of the retina (Fig& 
158, 159). 

(1) The membrana limitans interna is 
composed of more or less polygonal areas, which are 
the ends or bases of pyramidal, finely<striated fibres 
— the radial Jibree of Miiller. Each radial fibre passes 
from the limitans interna in a vertical direction 
through all layers to the limitans externa, and. on its 
way gives off numerous lateral branchlets, fibrils, and 
membranes, which anastomose with. one another so as 
to form a honeycombed stroma or matrix for all 
cellular and nudear elements of the retinal layers. 
In the nerve-fibre layer ^e radial fibres are thickest, 
this being, in fact, the pyramidal basis ; in the inner 
nuclear layer each possesses an oval nudeua. 
. 437. (2) The layer of nerve- filire9.--The 
optic nerve-fibres at their entrance into the eyeball 
lose their medullary sheath^ and only the transpai-ent 
axis cylinder is' prolonged into the retina. In man,' 
niedullated nerve-fibres in the retina are very excep-. 
tional; in the rabbit there are two bundleS| whose 



ch[ip.xxxix.3 The Retina. 3x1 

fibres retain their medullaaT' sheath in the retina 
(Bowman). The nerve-fibreB remain gi'Ofaped in 
buikdlea in the retina^ and even form plexusea For 
obvious reaaonSy the number of nerve-fibres in the 
nerve-fibre layer diminishes towards the oia serrata. 

438. (3) Tlielajreraf8:aii8^lioncell9«:^There 
is one stratum of these cells only, except in the 
maouLa lutea, whirare they form several strata. Each 
cell is multipdar, and possessed of a lai^ge nucleus. 
One process is directed inwards and becomes con- 
nected with a fibre of tii^e nerve-fibre layer. Several 
processes pass from the opposite side of the cell, and 
enter the next outer layer, t.e., the inner molecular 
layer. 

According to Max Schultze and others, they break 
up there into a reticulum of fibrils which is part of 
tiblis molecular layer ; but according to Eetzius, Mans, 
and Schwalbe, they simply pass through the inner 
molecular layer. 

The ganglion cells are s^Murated from one anothw 
by tiie radial fibres of MiUler. 

439. (4) Tlie inner molecular layer is a 
fine and dense reticulum of fibrils, with a small 
amount of granular matter between. The fibrils are 
connected with lateral branchlets of the radial fibres 
of Mlill^. This layer is, on account of its thickness, 
a conspicuous part of the retina. In lower vertebrates 
it appears stratified. 

440. (5) The taller nndear layer contains in 
a honeycombed matrix of a. hyaline stroma numerous 
nuelei, in two^ three, or four layera In the am- 
phibian retina these lorm a larger number of layers. 
Some oblong nuclei o( this layer belong, as has been 
mentioned above, to the radial fibres of MUller. 
Next to the molecular layer are small nuclei belonging 
to flattened brandied cells (Yintschgau). But the 
great majority of the nuclei of this layer are slightly 



312 Elements of Histology. [Chap.xxxix. 

oval, with a reticulum in their interior. Each belongs 
to a spindle-shaped cell, with a small amount of proto- 
plasm around the nucleus ; it is, in fact, a bipolar gang- 
lion cell (Max Schultze), of which one process (the 
inner) passes as a fine varicose fibre into and through 
the inner molecular layer, to become connected with 
the outer processes of the ganglion cells (Betsdus^ 
Schwalbe), while the other or outer process passes into 
and through the next outer layer of the retina. 

(6) The outer moleeular layer is of exactly 
the same structure as the inner molecidar lay^r — 1.«., 
a fine reticulum of fibrils — ^but is considerably thinner 
than the latter. 

441. (7) The outer nuclear layer contains, in 
a honeycombed matrix,' a large number of oval nuclei. 
In the retina of man and mammals these nuclei are 
always present in considerably greater numbers or 
layers than those of the inner nuclear layer, but in 
the amphibian animals the reverse is the case. They 
are smaller than the nuclei of the inner nuclear layer, 
and show often a peculiar transversely-ribbed differ- 
entiation of their contents (Henle, Krause). The 
honeycombed matrix of this layer is in connection 
with lateral branchlets of the radial fibres of Mtiller, 
with which it forms a sort of limiting delicate mem- 
brana propria at the outer surface of the layer; 
this is 

442. (8) The limitans externa. — ^The nuclei of 
the outer nuclear layer next to this limitans externa are 
connected, in the retina of man and mammals, with 
the cones, while the nuclei farther inwards from the 
limitans externa are connected with the rods. In 
both instances the connection is established through 
holes in the limitans externa. Each nucleus of 
the outer nuclear layer is, in reality, that of a 
spindle-shaped cell with a minute amount of proto- 
pksm ; this is prolonged outwcuxis, as the outer part 
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of the rod- or cone-fibre, to become connected with a 
rod or cone respectively, while inwards it passes into 
a longer, more conspicuous fibre, the inner part of the 
rod- or cone-fibre. This branches, and penetrating 
into the outer molecular layer, is lost with its 
branchlets among the fibrils of this layer. 

443. (9) The rods and eones.^ — Each rod is 
of cylindrical shape, with rounded or conical outer 
extremity ^ it consists of an outer and inner member, 
joined by linear cement. Its substance is bright and 
glistening, and that of the outer member is composed 
of the neurokeratin of Kiihne and Ewald. In 
the fresh state the outer member shows a more or 
less fine and longitudinal striation, due to longitudinal 
fine ridges and furrows (Hensen, Max Schultze). 
After certain reagents, such as serum, liquor potass®, 
the outer rod-member disintegrates into numerous 
transverse, thin, homogeneous-looking discs (Hannover). 
The inner member in the human rods is slightly 
broader than the outer ; it is pale or finely and longi- 
tudinally striated, and contains in many instances a 
peculiar lenticular structure; in the human and 
mammalian retina this is absent, but in its stead is a 
mass of longitudinal fibrils (Max Schultze). The 
inner member passes through a hole in the limitans 
externa, and becoming thinner, represents the outer 
part of the rod-fibre. 

444. Each cons is composed^ of an outer, shorty 
pointed, conical member, and an inner larger member 
with convex surface: this is the body of the cona 
The outer member of the cone separates under certain 
conditions also into thin transverse discs. The body 
of the cone is longitudinally and finely striated 
The outer extremity of the body of the cones in 
many birds, reptiles, and amphibia contains a spheri- 
cal corpuscle of red, orange, yellow, green, or even 
blue colouration. 
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The cones are Bhorter than the rods, the ptHUted 
NkI of the ioimst not reaching 
much farther than the juDctian 
between the oater trad innOT 
membeiB of the rods. 

Id the macula lotea uid 
fovea oentmlis of man md 
most TiMTninalg tttere are pre- 
sent craies only, and towards 
the periphoul portion of the 
retina tiiey gradually do- 
crease in Dumbera; in the 
peripheral part Vbate are only 
roda Bat in birds the cones 
eoEceod the rods every wheaw. 

In tlie bat and mole the 
macula Intea poeseeaea no 
cones, and in ^e owl, rat, 
mouse, guinea-pig, and rabbit, 
they ore few aod small. 

445. The enter members 
of tbo rods (only) contain in 
the fresh and tirii^ state a 
peculiar difiuse purpli^ coloor 
(Leydig, Boll, Kiihne): thi* 
is tjte visual purple or Rhod- 
opsin of Kiihne. When 
exposed to sunlight it 
passes ^ron^ red, orange, 
and yellow, and finally 
disaf^wars altc^etber — - be- 
comes bleached. There is 
no visual purple in the rods 
of Bhinolophus hij^weideroB, 
fowl and jHgeon ; in those 
retina in which tiie cones 
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above) the surrouiuliDg rods are wautiag in the visttal 
purple. 

The visual purple stands in an intimate relation to 
the pigmented epitheKum of the retina, since a 
retina regains its visual purple after bleaching, when 
replaced on the pigmented epithelium (Kiihne). This 
holds good, of coiurse, only within certain limits. 

446. (10) The pigncsnted epitheUmn (Fig. 
160), or tapetum nigrum, is composed of polygonal pro- 
toplasmic cells, which, when viewed from the surface, 
appear as a mosaic, in which they are separated from 
one another by a thin layer of cement substance. Each 
cell shows an outer non-pigmented part, containing the 
slightly-flattened oval nucleus, and an inner part next to 
the rods and eones, which is full of pigmented crystalline 
rods (Frisch). This part is prolonged into numerous 
fbe fibrils, each containing a row of the pigmented 
particles, and these fibrils pass between the outer 
members of the rods, to which they closely adhere, and 
which in reality become almost entirely ensheathed 
in them (M. Schultze). Each cell supplies a number 
of rods with these fibrils. ' Sunlight causes a protru- 
sion of these fibrils from the cell body, whereas in 
the dark tkey are retracted (Kiihne), in a manner 
similar to what takes place in pigmented connective 
tissue oella (See par. 43.) The tint of this pigment 
is dai:ker in dark than in light eyea It is bleached 
by Ae Hght in the presence of oxygen (Kiihne), but 
it persists in the absence of oxygen (Mays). 

447. The macula Intea (Fig. 161) of man and 
ape contains a diffuse yellow pigment, between the ele- 
ments of the retina (M. Schultze). In man and most 
mammals, as mentioned above, there are hardly any 
rods here, but cones only ; these are longer than in 
other parts, and in the fovea centralis they are 
longest, and, at the same time, very thin. Since 
there are few rods here, the nuclei of the outer nuclear 
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lajrer are limited to a veiy few layers ^nerallf about 
two) next to the membrana limitans externa. For 
this reason, the rest of the outer nuclear layer is 
occupied by the cone-fibres only, which in the fovea 
centralis pass in a slantinj^ or almost horizontal. 
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direction sideways into the outer molecular layer. 
The ganglion cells form several strata in the macula 
latea. In the fovea centralis are present the cones 
(very long and thin), the limitans externa, the few 
Quclei representing the outer nuclear layer, a thin 
continuation of the inner molecular layer, and tho 
limitans interna. 

448. In the embryo, the primary optic veaicle 
becomes invaginated so as to form the optic cup, 
which consists of two layers — an outer, giving origin 
to the pigmented epithelium ; and an inner, the retina 
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proper. In this the rods and cones, with their fibres 
and the nuclei of the outer nuclear layer, corre- 
spond to columnar epithelial cells (the s&nsory epiiher 
liwm)f while all the other layers — i.e,, the outer mole- 
cular, inner nuclear, inner molecular layer, ganglion 
cells, nerire-fibres, and limitans interna — represent 
Brucke*s tunica nervea or H^nle's stratum nerreum. 

449. The blood-vessels of the retina. The 
branches of the arteria and vena centralis of the optic 
nerve can be traced into the retina in the layer of 
nerve-fibres and ganglion-cells, while the capUlaries 
connecting the arteries with the veins extend through 
the layers up to the outer molecular layer. 

The lymphaties of the retina exist as perivascular 
lymphatics of the retinal veins and capillaries (His). 
Lymph channels are present in the nerve-fibre layer. 

450. The lamina eiibrosa is the part of the 
sclerotic and choroid membrane through which the optic 
nerve-fibres have to pass in order to reach the papilla 
nervi opticL In the optic nerve the fibres are grouped 
in larger or smaller groups — not bundles, in the sense 
of those present in other nerves and surrounded by 
perineurium (see a former chapter) — ^but surrounded 
by septa of connective tissue, and these groups pass 
through corresponding holes of the sclerotic anddboroid. 

451. The optic nerve possesses three sheaths, 
composed of fibrous connective tissue — (a) an outer, 
or the dural ; (b) a middle, or arachnoidal ; and (c) an 
inner, or pial, sheath — which are continuations of the 
respective membranes of the brain. The pial sheath 
is, in reality, the perineurium, the whole optic nerve 
being comparable to a compound nerve-bundle as de- 
scribed in a former chapter. The dural sheath of the 
optic nerve, at its entrance into the lamina cribrosa, 
passes into the outer strata of the sclerotic, while the 
arachnoidal and pial sheaths pass into the inner strata 
of the sclerotic. Outside the dural sheath is a lymph 
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space — ^the {nipravaginal space ; and also l3et'ween these 
various sheaths are lymph spaces — the subdural or 
isubvaginal space of Schwalbe, and the sttbaraclmoidal 
space. The supravaginal and subvaginal spaces linas- 
tomose with one another (Michel). 

4o2. Around the sclerotic is a lymph space limited 
by a fibrous membrane— the Tenonian capsule: the 
space is called the Tenonian space. The supravaginal 
space anastomoses with this Tenonian space, and into 
it pass also the lymph clefts in the suprachoroidal 
tissue (Schwalbe), by means of the lymph canalicular 
system of the sclerotic (Waldeyer). The supracho- 
roidal lymph spaces communicate also with the sub- 
arachnoidal space of the optic nerve. 



CHAPTER XL. 

THB OUTER AND MIDDLE EAB. 

453. The meatus auditorius extemus is lined with 
a delicate skin, in structure identical with, but thinner 
than, the skin of other parts. The oeruminous 
glands have been mentioned and described befora 
The cartilage of the auricula and its continuation into 
the meatus auditorius extemus is elastic cartilage. 

454. The memlMraiia tymiiiiitil separating the 
outer from the middle ear has for its matrix a firm 
stratum of stiff trabeculse of fibrous connective tissue, 
with numerous elastic fibrils and elastic membranes. 
This is the middle and chief stratum of the membrane : 
outwards it is covered with a delicate continuation of 
the skin of the meatus auditorius extemus, and inwards 
with a continuation of the delicate mucous membrane 
lining the cavnm tympaiu. In the middle stratum of 
the membrana tympani the trabecule radiate more or 
less from the junction of the manubrium mallei with 
the membrane ; but towards the periphery many are 
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also arranged in a circular direction. The former 
belong to '^e outer, the latter to the inner, portion of 
the middle Stratum. 

The mucous membrane lining the tympanic surface 
of the membrane is delicate connective tissue, covered 
with a single layer of polyhedral epithelial cdls. 

The blood- v^^ssels form capillary networks for all 
three layers — 1.6., a special network for the skin 
layer, a second for the middle stratum, and a third one 
for the mucous layer ; the lymphatics are also arranged 
.in this way. An intercommunicating system of lym- 
phatic sinuses and clefts (Kessel) is left between the 
trabeculie. The non-medullated nerve-fibres form 
plexuses for the skin and mucous layer ; from these 
pass off fine fibrils, which form a sub-epithelial net- 
w(M-k, and from this the fibrils pass into the epithelium. 

455. The tuba IBiistaelitt is lined with a 
mucous membrane, which is a continuation of 'that 
lining the upper part of the pharynx, and therefore, 
like it, is covered on its inner or free surface with 
columnar ciliated epithelium. As in the pharynx, so 
also here, we find a good deal of adenoid tissue in the 
mucous membrane. 

The cartilage of the tuba Eustachii in the adult ap- 
proaches in structure the elastic cartilages of other partis. 

456. The cavnm tympani, including the cellulaB 
mastoidese and the surface of the ossicula auditus, is 
lined with a delicate connective tissue membrane. Its 
free surface is covered with a single layer of poly- 
hedral epithelial cells in the following regions: on 
the promontory of the inner wall of the cavity, on the 
ossicula auditus, on the roof of the cavity, and in the 
cellulae mastoideie; in all other parts it is columnar cili- 
ated epithelium, like that lining the tuba EustachiL 

457. The three ossicula andltns are osseous 
substance covered with periosteum, which is covered 
with the delicate mucosa just described. Tlie ligar 
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meiits of the bones are, like other ligaments, made up 
of straight and parallel bundles of fibrous connective 
tissua The articulation surface of the head of the 
malleus, of the incus, of the extremity of the long 
process of the incus, and of the stapes, are covered 
with hyaline (articular) cartilage. 



CHAPTER XLI. 

THE INTEBNAL EAB. 

458. The osseous labyrinth consists of the vesti- 
bule, prolonged on one side into the cochlea, and on 
the other into the three semicircular canals, each of 
which possesses an ampulla at one extremity. The 
vestibule shows two divisions— the fovea hemispherica 
next to the cochlea, and the fovea hemielliptica next 
to the semicircular canals. The cochlea consists of 
two and half turnings twisted round a bony axis — the 
modiolus. From this a bony lamina extends towards 
the outer wall for each turn, but does not reach it : 
this is the lamina spiralis ossea. It extends through 
all turns, and it subdivides the cavity of each turn 
into an upper passage, or scala vestibuli, and a lower, 
or scala tympani. At the top of the cochlea the two 
scalse pass into one another by the helicotrema. The 
scala vestibuli opens into the fovea hemispherica, 
while the scaJa tympani at its commencement — i.^., 
at the proximal end of the first turn — ^would be in 
communication, by the fenestra rotunda, with the 
cavum tympani, were it not that this fenestra rotunda 
is dosed by a membrane — ^the secondary membrana 

459. The semicircular canals start from, and return 
to, the fovea hemielliptica of the vestibule. 

The fenestra ovalis leads from the cavum tympani 
into the vestibule — ^its hemispheric division ; and this 
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fenestra ovalis is, in the fresh condition, filled ont by a 
membrane, in which the basis of the stapes is fixed, 
the circumference of this being nearly as great as that 
of the fenestra. 

460. The osseous labyrinth in all parts consists of 
ordinary osseous substance, with the usual periosteum 
lining its outer surface and its inner cavities. These 
cavities contain the albuminous fluid called perilymph. 
But they are not filled out by this, since, in each of 
the two divisiooB of the ve^dbul^ in U^ of the 
semicircular canals, and in the cochlea, is a mem- 
branous structure, analogous in shape to the corre- 
sponding division of the labyrinth. These membranous 
structures possess a cavity filled with the same albu- 
minous fluid as above, called the enddymph. These 
structures are disposed thus — ^in the fovea hemispherica 
is a spherical sac, called the saccule; in the fovea 
hemielliptiea is an elliptical sac, the tUricle; in each of 
the three semicircular canals is a membranous semi- 
circular tube, which possesses also an ampulla corre- 
sponding to the ampulla of the bony canal. 

' 461. In the cochlea is a membranous canal, tri- 
angular in cross-section — the soala media or cochlear 
duot — ^which also twists two and half times from the 
basis to the apex of the cochlea, and is placed against 
the end of the lamina spiralis ossea so as to occupy a 
position between the peripheral part of the scala vesti- 
buli and scala tympani. 

462. The different divisions of the membranous 
labyrinth are connected with one another in this 
manner : the three semicircular (membranous) canals 
open into the utricle ; this does not form a direct con- 
tinuity with the saccule, but a narrow canal comes off 
both from the saccule and utricle; the two canals 
join into one minute membranous tube situated in the 
aqueductus vestibulL At its distal end it enlarges 
into the saocus endolymphaticus^ situated in a cleft of 
v 



322 Elements of Histology, [Chap.xu. 

the dura mater, covering the posterior surface of the 
petrous bone. The saccule is in communication with 
the cochlear canal or scala media, by a short narrow 
tube — ^the canalis reuniens of Keichert. Thus the 
cavity of the whole membranous labyriath is in 
direct communication throughout all divisions, and it 
represents the ianer lymphatic space of the labyrinth. 
There is no communication between the perilym|^ 
and endolymph, and the cavity of the membranous 
labyriath stands in no direct relation to the cavum 
tympani, since the fenestra ovalis and fenestra rotunda 
both separate the perilymphatic space, or the cavity 
of the bony labyrinth, from the cavum tympani The 
vibrations of the membram* tympani, transferred by 
the ossicula auditus to the fenestra ovalis, directly 
affect, therefore, only the perilymph. The fluctuations 
of this pasJs -from the vestibule, on the one side, 
towards and into the perilymph of the semicircular 
canals ; and on the other side, through the scala 
vestibuli, to the top of the cochlea, then by the heli- 
cotrema into the scala tympani, and find their condu- 
sion on the membrana secundaria dosing the f^estra 
rotunda. • On their way they affect, of course, the 
membrane of Beissner (see below) separating the scala 
media from the scala vestibuli ; and the vibrations of 
this membrane naturally affect the endolymph of the 
scala media and the . terminations of the auditory 
nerve-fibres (see below). 

463. Structure of semicircular cunals, 
utricle and saccule.— The m&mhranoua semi- 
evrmla/r canals are fixed by stiff bands of fibrous 
tissue to the inner periosteum of the one (convex) 
side of the osseous canal, so that towards the concave 
side there is left the space for the periljrmph. A 
similar condition obtains with regard to the saccule 
and utricle, which are fixed by the inner periosteum 
to one side of the bony part. 



I..XLI.1 



The Internal Ear. 



323 



The Btructnre of the wall is tlie same in ihe Mtni- 
circnlfu* cohaJs, utricle &nd Ba«ciile. The above-ineii- 
tioned fibrous ligameiitti of the periosteum form an 
outer coal; inside this is a glassy- looking ttmtca 
propria. At one mde (the one away from the bone) 
titis tunicfb propria forms numeraTis papillary projec- 
tions. The internal 
surfaoe of the mem- 
brane is covered witli a 
single layer of poly- 
hedral epithelial cells. 

464. Each of the 
branches of the nervus 
vestibuli — ».«., one for 
the Baccvite, one for the 
utricle, and three for 
the tiiree ampulla — 
possesses a ganglionic 
swelling. The nerve- 
branoh, having passed 
through the membra- 
nous wall, enters 
special thickenings of 
the tunica propria, on 
that part of the meni- 
bnuious wall next to 
the bone ; in the sac- 
cnle and utricle the 
thickening is called 
ma&Ua aoutiica, in t^e 
ampulln oritta aewatica 

(Fig. 162) (M. Schultze). This thickening is a large 
villous or fold-like projection of tiie tunica propria, 
into which pass the nerve-Sbree of the several 
branches. These fibres are all medullated nerve- 
fibres, and, ascending towards the internal or 
free surface of that projection, form a plexus. In 
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tkk plexus are interspersed ntimeroiis nuclei From 
the medullated fibres pass off minute bundles of 
primitiye fibrillse, which enter the epith^ium: that 
coyers the free surface of the projection. 

465. This epithelium is oomposed of a layer of 
columnar or conical cells» between which are wedged 
in spindle-shaped cells; both kinds possess an OTal 
nucleus. According to Max Schultxe and others, each 
of the spindle-shaped cells is connected \sf its inner 
process with the nerve-fibriUse coming from under* 
neath ; whereas, towards and beyond the free surface,- 
its outer process is prolonged into a lot^, thin, stiff, 
auditory hdi/r. Max Schultze, therefore, calls the 
columnar cells epithelial; the spindle-shaped ones, 
sensory, 

Betzius, on the other hand, maintains thaty in the 
case of fishes at any rate, the epithelial cells are those 
which are connected each with a bundle of nerve- 
fibrillse, and that each sends out over the internal free 
surface a bundle of fine stiff hairs — ^the auditory hairs. 
The spindle-shaped cells of Max Schultze, according 
to this theory, are only supp(Hiing cells. The free 
surface of the epithelium is cavered with a homo* 
geneous cuticle, perforated by holes which correspond 
to the epithelial cells and the auditory hairs. 

On tiiie internal surface of the macula and crista 
acustica are found the otoliths, rhombic crystals, and 
amorphous masses, chiefly of carbonate of lime, em^ 
bedded in a gelatinous or granular-looking ba£d& 

466. The eoeblea (Fig. 163), as has been men* 
tioned above, consists aJso of a bony shell and a 
membranous canal, the f otrmer surrounding the latter 
in the same way as the bony semicircular canal does 
the membranous — i.e., the latter is fixed to the oateae 
or convex side of the former. The difference between 
the cochlea and the s^nioircukur caaMils is this, that in 
the cochlea there is a division oi the perilymphatio 




■sodball 

«.Tli«KkUvHtiiiiill;b,cbenmr'BpBiii: cUw KmJAjn«U»;i<; ttiBasmtinuife 
wclDTla; •.tbecrntstOEiiilfiiiiV, the nmrrranrmifiiiat IbemU mdlllll 
tf. tiie rofion uf tbe ouifr bur eeUi im tv mmlinuu bullaiu : \ tlu men- 
biue ciTRcliMiwt 1. lE> evTihelliiiii Hnhis tie nlcDiiplniti dnuraiu) i/, tbe 
■-niHl of Cortri htcIl; fc, tbe BtTt« vueiilArl*: L tlie llnmmtuBL uAHlri 
uwciltualnlli; s, [taeiirrTe.<lhre<ln tbe^nntn idnUi o«(b; *^o 
j.^_Hnp,.iJ^e ;, Fj.ihe nyryi-llUr^ in t).. iiioaiolBi j ,. c£^«^ tobM. e.* 



-m^'; 



iiili<iiiDdlnlDi: (, 
LineTBtlHBiodMiu 



326 Elements of Histology. [Chap.xu. 

space by an osseous projection — ^the lamina spiralis 
ossea — and by the scala media into two scalse, viz., the 
(upper) scala vestibuli, and the (lower) scala lympani 

467. In the osseous modiolus are numerous paral- 
lel canals for bundles or groups of the fibres of the 
cochlear branch of the auditory nerve : these canals 
open into the porus intemus/in which Hes a krge 
ganglion connected with the nerva 

The nerve bundles situated in the canals of the 
modiolus, corresponding to the lamina spiralis ossea, 
are connected with ganglionic masses-— composed of 
bipolar ganglion cells — called the ganglion spirale of 
CortL From this ganglionic mass &e nerve-fibres (all 
medullated) can be traced into the lamina spiralis 
ossea, in which they form rich plexuses extending to 
the margin of this lamina — ie., to the membrana 
basilaris of the scala media (see below). 

468. From the margin of the lamina spiralis ossea 
to the external bony shell extends the membrana basi- 
laris (Fig. 163), forming the lower and chief wall of 
the scala media, while the upper wall of the canal is 
formed by the membrane of Reissner, extending 
under an acute angle from near the margin of the 
lamina spiralis ossea to the outer bony she£L 

On a transverse section through the scala media 
we see the following structures : — 

469. (1) Its outer nvall is placed close against 
the periosteum lining the internal surface of the bony 
shell j it consists of lameUar fibrous tissue, with 
numerous stiff elastic bands, and is the vestibular 
part of a peculiar ligament — ^the UgaTMfnJtwm spirale 
(KoUiker) — semi-lunar in cross section, and with its 
middle angular projection fixed to the outer end of 
the membrana basilaris. 

470. (2) Its inner urall is represented by an 
exceedingly delicate membrane — ^the Tnembrane of 
Beissner; this is also its upper wall, extending under 
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an acute angle from the upper outer angle of the scala 
media to the lamina spiralis ossea. But there it is not 
fixed on the osseous substance, but on a peculiar pro- 
jection on this latter — the crista 9j>vraliB {¥\!g. 163, m), 
which is a sort of tissue intermediate between fibrous 
and osseous tissue, and added to the vestibular surface 
of the lamina spiralis ossea. This crista spiralis has 
on its inner surface — %.e,^ that directed towards the 
scala media — a deep sulcus, called the sulcus spiralis^ or 
sulcus spiralis intemus ; so that of the crista spiralis 
there are two labia to be distinguished — ^the labium 
vestibulare and the labium tympanicum; the former 
being the upper, the latter the lower, boundary of the 
sulcus spiralis. 

471. (3) Between the labium tympanicum of the 
crista spiralis and the above>mentioned projection 
of the ligamentum spirale e2:tends, in a straight 
direction, the memhrana b<zailarisy forming the lower 
wall of the scala media, l^e scala media is lined on 
its whole internal surface with epithelium, this only 
being derived from the epithelium forming the wall of 
the auditory vesicle of the embryo, peculiarly modified 
in certain places. The scala tympani and scala vesti- 
buli are likewise lined with a continuous layer of 
flattened cells — an endothelium, which only on the 
lower (t3rmpanic) surface of the membrana basilaris 
is somewhat modified, being composed of granular 
looking irregular cells. 

472. As regards the scala media, the epithelium 
lining its interoal surface is of the f oUlowing aspect : 
Starting with the lower outer angle — t.e., where the 
membrana basilaris is fixed to the ligamentum 
pirale — ^we find it a single layer of polyhedral or 
short columnar transparent cells, lining this outer 
angle — the cells of Ckmdvus ; ascending on the liga- 
mentum spirale, the cells become shorter, more squar 
mous; such are found over a slight projection on 
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the outer wall — 1.0., the ligamentum spirale accesao- 
rium— caused by a small blood-vessel, the vas pro- 
minens. 

473. Then ure come to the stria vascularis, 
lining nearly the upper two-thirds of the outer 
wall of the scala medm. It consists of a layer of 
columnar and spindle-shaped epithelial cells, between 
which extend capillary blood-yessels from the ligamen- 
tum spirale, and income animals (guinea-pig) clumps 
of pigment granules are found between them. 

474. Then we pass from the upper angle of the scala 
on to the membrane of Reissner. This consists of a 
homogeneous thin membrana propria, covered on its 
outer vestibular surface with a layer of flattened 
endothelium, and on its inner surfeu^ — {.«., that facing 
the scala media — with a layer of less flattened, smaller, 
polyhedral, epithelial cells. 

475. We come next to the vestibular labium of 
the crista spiralis, on which peculiar cylindrical 
horizontal projections anastomose with one another : 
these are the auditory teeth (Huschke). The epi- 
thelium of Beissner's membrane is continued as small 
polyhedral cells into the grooves and pits between the 
auditory, teeth, but over the teeth as laige, flattened, 
squamous cells, which pass on, lining the sulcus 
spiralis, and, as such, cover also the tympanic labium 
of^ristTspitalis. Now we arrive ilt the meia- 
brana basilaris, on which the epithelium becomes 
modified into the organ of Gorti. 

476. The nienil»rana basilaris consists of a 
hyaline basement membrane, on which the organ of 
Corti is fixed ; underneath this is the tunica propria^ 
a continuation of the tissue of the ligamentum spirale, 
composed of fine parallel stifif fibrils (BEannover, 
Henle) stretched in a very regular and beautiful 
manner in the direction from the ligamentum spirale 
to the crista spiralis (Nuel). On the tympanic side 
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there is also a hyalme basement membrana The 
endothelial cells oovering this on the tjmpanic surface 
have been mentioned ainve. 

477. The org^ of CortI (F^. 164).— Passing 
outwards from tiie epithelium lining the sulcus spiralis, 
we meet with small polyhedral epithelial cells in tlie 
n^n of the termination of the lamina spiralis osaea, 
next which are columnar-looking cells — the in-n^ 
mi^tporting ceUej next to these is the inner hair-ceU — 




Fig. IM.— OtBUi of CnrtL of Uie CocUek of a OiiiiiM.plg. 

xnb; fouler Juir^eelU; i, InDcrlHfi-rcJI: /.outer ■upportlaeerllBcoiit 
jDff 141; e1obuleB;0, Inner lupHirtlDS Kile; a, cpriaof ClHudius; 4, tpiLbi 



a columnar, or conical, epithelial cell, with a bundle 
of stiff hairs, or rods, extending beyond the surface. 
The inner hair-cells foim a single file along the whole 
extent of the two and a half turns of the soala media. 
478. Next to the inner hair^wll is the inner rod, or 
ifimer piUanr, of Corii, and next to this the outer rod, 
or tyuter pillar, of Corti. EbcL forms a single file for 
the whole extent of the two and a half turns of the 
■ acala media. The two rods are inclined towards one 
another, and in contact with their upper extremity, or 
h§ad; whereas their opposite extremity, the foot, 
rests under an acute angle on the membrana basilaris, 
on which it is firmly fixed. The rest of the rod is a 
slender, more or leas cylindrical, piece — the body. The 
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outer rod is larger and longer than the inner, the 
latter being slightly bent in the middle. Owing to 
the position of the rods, the two files fotm an arch — 
the arch of Corti. Between it and the corresponding 
part of the basilar membrane is a space— the ttmnel of 
the arch, triangular in cross section. 

479. The substance of the rods, or pillars, of Corti 
is bright, highly refractive, and slightly and longitu- 
dinally striated. 

The head of the inner rod is triangular, a short 
process extending inwards towards the inner hair-cell, 
a long process extending outwards over the head of 
the outer pillar. Outwards, the triangular head pos- 
sesses a concave surface grasping the convex surface of 
the head of the outer rod. ^Hiis latter possesses a 
process directed outwards, and firmly applied to the 
outer process of the head of the inner rod, the two 
together forming part of the membrana reticularis (see 
below). 

The relation between the outer and inner rods is 
such that the head of one outer rod fits into those of 
about two inner rods. 

480. At the foot, each rod has, on the side directed 
towards the tunnel, a granular, nucleated, lump of 
protoplasm, probably the remnant of the epithelial 
cell from which the lower half of the rod is deriTed ; 
the upper part sometimes possesses a similar remnant, 
proving that this also has been formed by an epithelial 
cell, so that each rod is in reality derived from two 
epithelial cells (Waldeyer). 

481. Next follow three or four rows of (mter hair- 
cells, similar in size and structure to the inner hair- 
cella Each of the outer hair-cells represents a file 
of hair-cells, extending on the membrana basilaris 
along the whole extent — i.6., two and a-half turns — 
of the scala media. Each hair-cell possesses an oval 
nucleus and a number of stiff rods, or hairs, disposed. 
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in the shape of a horseshoe in the outer part of the 
free surface of the cell. 

Four, and even five, rows of hair-cells (Waldeyer), 
arranged in an alternating manner, are found in 
man. 

The outer hair-cells are also called the cells of 
Corti ; they are conical, and more or less firmly con- 
nected with a nucleated spindle-shaped cell — the cell 
of Deiters. The two cells are more or less fused 
together in their middle part (Nuel). The cell of 
Corti is fixed by a branched process to the membrana 
basilaris, while the cell of Deiters sends a process 
towards the surface, where it joins the membrana 
reticularis (8e€ below). 

482. Farther outwards from the last row of outer 
hair-<3ells are columnar epithelial cells, called the cfaier 
supporting cells of Hensen ; they form the transition 
to the epithelium lining the outer angle of the scala 
media, ie., to the cells of Claudius. 

In the guinea-pig, the outer supporting cells in- 
clude fat globules. 

483. The mednllated nerve-fibres, which we 
traced in a former page to the margin of the lamina 
spiralis ossea, make rich plexuses in this, and pass 
through holes in it, in order to reach the organ of 
Corti on t^e membrana , basilaris. Looking from the 
suri^ce on this part, we notice a row of holes — ^the 
hahenvla, perforaAa of Eblliker — a little to the inside 
of the region of the inner hair-cells. Numerous 
primitive fibnllse pass there among small nucleated 
cells situated iindemeath the inner hair-cells : these 
are the granular cells. Some of these nerve-fibrillsB 
— the inner bundle of spiral nerve-fibres — ^become con- 
nected with the inner hair-cells ; while others— the 
three outer bundles of spiral fibrils (Waldeyer) — pass, 
between the inner rods of Corti, right through the 
tunnel; and, further, penetrating between the outer 
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rods of Corti, they reach the outer hair-cells, with 
which they become connected (Gk>ttstein, Waldeyer). 

484. In connection with the outer process of ilie 
head of the inner and outer rods of Corti, mentioned 
above, is an elastic hyaline membrane — the lannMM 
or vMwkrama reticularis. It extends outwards over 
the organ of Corti to the supporting cells of Hensen, 
and possesses holes for the tops of the outer hair-c^s 
and their hairs. The parts between the rods of Corti 
and between the outer hair-oells appear of the shape of 
phalanges — ^phalanges of Betters. A short cuticuLur 
membrane extends from the head of the inner rod of 
Corti inwards to the inner supporting cells : it possesses 
holes for the tops of the inner hair-cells. 

485. From the vestibular labium of the crista 
spiralis to the outer hair-cells of the (M-gan of Corti 
extends a peculiar fibrillated membrane — ^the menb' 
brana tectoria. By means of it the sulcus spiralis 
intemus is bridged over, and so converted into a 
oanaL 

486. As we ascend towards the top of the. cochiea, 
all parts in the scala media decreafie gradually in size. 
The organ of Corti, being of an epithelial nature, 
possesses no blood-vessels. From the anatomical 
relations of the organ of Corti, it appears most pro- 
bable that the pillars, or rods, of Corti act as the 
supporting tissue, or framework, around which the 
other elements are grouped; and it seems likely 
that the hair-oells, with their rod-like hairs projecting 
freely into the endolymph, are the real sound-perceiving 
elements of the organ of CortL Their connection 
with the terminal iibrilka of the nerves points in the 
same direction* 
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CHAPTER XUI. 

THE NASAL MUCOUS MEMBRANE. 

487. The lower part of the nasal cavity is lined 
with a mucous membrane, which has no relation to 
the olfactory nerve, and therefore is not connected 
with the organ of smell. It is covered with a strati- 
fied, columnar, ciliated epithelium of exactly the same 
nature as that of the respiratory passages — e.^., the 
larynx and trachea. Large numbers of mucous secret- 
ing goblet-cells are met with in it Below the epi- 
thelium is a thick hyaline basem^ent membrane, and 
underneath this is a mucosa of fibrous tissue, with 
numerous lymph corpuscles in it. In many places this 
infiltration with lymph corpuscles amounts to diffuse 
adenoid tissue, or to perfect lymph follicles. 

488. The mucosa contains in its most superficial 
layer the network of capillaries, but in the rest it 
includes a rich and conspicuous plexus of venous 
vessels. 

In the deeper parts of the mucous membrane — 
i,e., in the submucosa — are embedded smaller and 
larger glands, the ducts of which pass through the 
mucosa, and open on the free surface. Some of the 
glands are mucous ; others are serous. In some cases 
(e,g., guinea-pig) almost all glands are serous, and 
of exactly the same nature as those of the back of 
the tongue. In some places the mucous membrane is 
much thicker than in others, and then it contains 
larger glands, and between them bundles of non-striped 
muscular tissue. 

489. In the upper or olfactory regfion (Fig. 165) 
of the nasal- cavity, the mucous membrane is of a 
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different tint, being more of a brownish colour ; it 
contains the r&mificationa of the ol&ctoiy nerve, and 
is the seat of the organ of smell. 

190. The free surface is covered with a column&r 




epithelium, composed of the following kinds of cells 
C% 166):- 

(a) A superficial layer of long columnar, or ratlier 
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conical, epitheliai cells, each with an otaI nudeaa In 
some places the free surface of these cells is covered 
with a bundle of cilia, similar to the superficial cclla 




Tig. Ue —Trom i Vwtio»l Sort on thn ugh ths Olfactory Mnaoiu 
HAmbrana of tiu (iumea-pig 

■ rclls; d, ihrbnn^ei of o'S™/°n«rve-BlSaT * '^ uliSotf or»enm» 
IBawmiui'il gluds. <AtlAi.J 

o£ the respiratory part of the nasal cavity ; in roost 
places, however, the cilia are absent ; the former 
condition obtains in those places which are in close 
proximity to the respiratory region. 

(6) Between the epithelial cells extend epindle- 
shaped cells, each with a spherical, or very ^ghtly 
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oval, nucleus — ^the sensory cells (Max Schnltze). f 
Each cell sends one broad process towards the free 
surface, over which it projects in the shape of a small 
bundle of shorter or longer rods; whereas a fine 
varicose filament passes from the cell body towards 
the mucosa, ' and, as shown first by M. Schultze, be- 
comes connected with a fibrilla of the network of the 
olfoctory nerve-fibres. 

(c) In some places there is a deep layer of epiihe- 
lial cellSf each with a spherical nucleus, of an inverted 
cone in shape, their pointed extremity passing be 
tween the other cells just mentioned and their broad 
basis resting on the basement membrane. Yon 
Bioinn has shown that there is on the free surface of 
the epithelium a sort of cuticle — a delicate limitans 
externa. 

491. The mucous membrane is of loose texture, 
and contains a rich plexus of bundles of olfactory 
nerve-fibres, extending chiefly in a direction parallel 
to the surfaca Each olfactory nerve-fibre is non- 
medullated, i.e., is sua. axis cylinder composed of minute 
or primitive fibrillse, and invested in a neurilemma with 
the nuclei of the nerve corpuscles. Near the surface 
the fibres of the plexus are thin, and they split up 
into the constituent fibrils which form a network ; into 
this pass the fine varicose processes of the sensory 
cells above named. 

492. The blood-vessels supply with capillary net- 
works the superficial part of the mucous membrane 
and the numerous glands. These are the glands of 
Botoman, extending through the thickness of the 
mucous membrane. They are tubes, slightly branched, 
and gradually enlarging towards their distal end ; in 
some parts they are more or less straight. In struc- 
ture they are identical with serous gkmds, possessing 
a minute lumen, and being lined with a layer of 
columnar albuminous cells. The duct is a veiy fine 
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canal; it is that part of the gland that is situated 
in the epithelium of the free surface ; it passes verti- 
cally through this, and consists of a fine limiting 
membrane, the continuation of the membrana propria 
of the gWd-tube, and a layer of veiy flattened epi- 
thelial cells. 

493. There is a definite relation between the 
size and number of the bundles of the olfactory nerve- 
fibres, the thickness of the olfactory epithelium, and 
the length of the gland-tubes. The size and number 
of the bundles of the nerve-fibres are determined 
by the thickness of the epithelium — t-e., by the 
number of the sensory cells ; the number and thick- 
ness of the olfactory nerve bundles determine the 
thickness of the mucous membrane, and the thicker 
it is, the longer are the glands of Bowman. 

494. The organ of Jacobson is a minnte 
tubular organ present in all mamjnals, and, as has 
been shown by Dursy and Kolliker, also in man. In 
mammals it is a bilateral tube, compressed from side 
to side, and situated in the anterior lower part of 
the nasal septum. Each tube is supported by a 
hyaline cartilage, in the shape of a more or less 
plough-shaped capsule — ^the cartilage of Jacohaon 
— and opens in front directly into the nasal furrow 
(guinea-pig, rabbit, rat, &c) ; or it leads into the canal 
of Stenson (dog), which passes through the canalis 
naso-palatinus, and opens immediately behind the 
incisor teeth on the palate. In all instances, how- 
ever, it terminates posteriorly with a blind ex- 
tremity. 

49t5. The cavity of the tube is lined with stratified 
columnar epithelium, which on the lateral wall is 
ciliated in the guinea-pig and dog, and non-ciliated in 
the rabbit. The median wall — i,e,, the one next to 
the middle line — is lined with olfactory epithelium, 
identical with that of the olfactory region of the nasal 
w 
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cavify. Branches of olfaetoiy nerve-fibres also pass 
into the median wall, and behave in exactly the same 
manner as in the olfactory r^on. Namerons serons 
glands — ^belonging chieflj to the npper and lower 
wall— open into die cavitj of the orgsn of Jaoobson. 

In the lateral wall there is in many instances a 
plexus of veins, extending in a longitudinal direction, 
and between the vessels are bundles of non-striped 
muscular tissue^ thus constituting a sort of cavernous 
tissua 
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THE DUCTLESS GLANDS. 

496. L The hypephysis eercl^ri. — ^The upper 
or smaller lobe belongs to the central nervous system. 
The lower or laiger lobe is surrounded by a fibrous 
capsule, which sends numerous minute septa into the 
interior. These split up into numerous trabecul» of 
fibrous tissue, which, by dividing and re-imiting, form 
a dense plexus, with smaller and larger, spherical or ob- 
long, or even cylindrical spaces — ^the alveolL In these 
lie spherical or oblong masses of epithelial cells. These 
epithelial cells are columnar, pyramidal, or polyhedral, 
each with an oval or spherical nucleus. Between the 
epithelial cells of the same group are found here and 
there small branched or spindle-shaped cells, with a 
small fattened nucleus. In some of the groups or 
alveoli of epithelial cells is a cavity, a sort of lumen, 
filled with a homogeneous gelatinous substance. 

The interalveolar connective tissue contains a 
network of capillaries. Between the alveoli and the 
interalveolar tissue there are lymph sinuses, like those 
around the alveoli of other glands — 6.^., the salivary 
glands. 
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497. IL The thjTold sland (Fig. 167).— The 
framework of this ghmd is in many respecta similar 
to that of other glands, there being an outer fibrous 
capsule, thicker and thinner septa, and finally the fine 
trabecule forming the septa between the gland alveoli. 
These are eloted veeteles of a spherical or oval shape, 
and of various sizes. Each vesicle is lined with a single 
layer of polyhedral or 

columnar epthelial cells, I 

each with a spherical or ' 

oval nucleus. There is a \ 

cavity, which differs in size 

aoDonling to the size of the 

veaicia It oontams, and . 

IS more or leas filled with, ' , 

a homogeneous, viscid albu 

minous fiuid — the so-called 

colloid. In this often 00 

cur degeneratmg nucleated y; ^^ 

lymph corpuscles and arongi 

coloured blood corpusclea ^^^ ,t„eiiimi 

(Baber). ""rt™. Hh^-^ioiS'^MCMcTTrrf 

498. The vesicles are SiU]'''? "b*.]?*"^' ** '^ 
surrounded by networks of tw«enitiaaiuiTeii<iie>. 
blood capillaries. In the 

connective tissue framework lie networks of lym- 
phatics; between the framework and the surface of the 
vesicles are lymph sinuses lined with endothelium 
(Baber). The large and small lymphatics are often 
filled with the same colloid material as the veaicles, 
and it is probable that this colloid material is produced 
in the vesicles, and carried away by the lymphatics, 
to be finally discharged into the circulating blood. 

499. Ite formation in the vesicles is probably due 
to an active secretion by the epithelial cells of the 
vesicles, and to a mixture with it, or maceration by 
it, of the efiiised blood mentioned above. In some 
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ioitanoea Baber found the amount of blood effiiaed 
into the cavity of 
the vesicles very 
considerable, and 
hence it is justifi- 
able to assume that 
the destruction of 
red blood-corpn»- 
cles forms one of 
the functions of the 
thyroid gland. 

SOO. III. The 
suprarenal 
bodies (Fig. 168). 
— The suprarenal 
body is enveloped 
in a fibrous cap- 
sule; in connection 
with this are septa 
and trabeculffi pass- 
ing inwards, and 
they are arranged 
differently in the 
cortex and in the 
medulla of the 
gland, as will be 

' seen presently. 

■riie cortex of 
the gland consists 
of an outer, mid- 
dle, and inner 

I zone, all three be- 
ing directly con- 

™»..^,.,«..- »,-...=. ..^, -. ■ tinuous with one 

^in:lB™tt."i5''stn!iB?.'MJ;i^V/''''^ another. The outer 

one is the zotta 

nhmendoia; it contains numerona q)hericfll, or. 










Chap. XLiii.] The Ductless Glands. 341 

more commcHily, elongated, masses of epithelial cells. 
The cells are polyhedral or cylindrical, each with a 
spherical or oval nucleus. In some animals — ^as the 
dog, horse — the cells are thin and columnar, and 
arranged in a transverse manner. Occasionally a sort 
of lumen can be discerned in some of these cell masses. 

501. Next follows the middle zone, or ztmoi, 
fcucictdaia. This is the most conspicuous and 
broadest part of the whole gland. It consists of 
vertical columns of polygonal epithelial cells, each 
with a spherical nucleus. The cell substance is trans- 
parent, and often contains an oil globule. The columns 
anastomose with their neighbours. Between the 
columns are fine septa of coimective tissue carrying 
blood capillariea 

Between the cell columns and the connective septa 
are seen here and there lymph spaces, into which lead 
fine channels, grooved out between some of the cells of 
the columns. 

502. Next follows the inner zona, or zona reticur 
laris, composed of smaller or larger groups of poly- 
hedral cells, with more or less rounded edges. These 
cell-groups anastomose with one another. The indi- 
vidual cells are slightly larger, and their substance is 
less transparent than those of the zona fasciculata. In 
the human subject they are slightly pigmented. 

503. In the medulla we find cylindrical streaks 
of very transparent cells ; the streaks are separated by 
vascular connective tissue. The cells are polyhedral, 
columnar, or branched. These cell-streaks anasto- 
mose with one another, and are directly continuous 
with the cell-groups of the zona reticularis of the 
cortex. 

504. The cortex is richly supplied with dense 
networks of capillary blood-vessels; their meshes are 
polyhedral in the outer and inner zone, elongated in 
the middle zone, or zona fasciculata. In the medulla 
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numerous plexuses of veins are met with« In the 
centre of the suprarenal body lie the large efferent 
venous trunk& In the capsule (K5lliker, Arnold), 
and in the connective tissue around the central veins, 
are. plexuses of lymphatic tubes with valves. The 
nerves are very numerous, and composed of non- 
medullated fibres; in the medulla they form rich 
plexuses, in connection with these and with those of 
the outer capsule are small ganglia (Holm, Eberth). 

505. lY. The fflanf|ila coccygea and in- 
tercarotica. — ^The first of these is a minute corpuscle 
situated in front of the apex of the os coccygis, and 
was discovered by Luschka. The glandula carotica 
of Luschka (gangHon intercaroticum) is of exactly the 
same structure as the glandula coccygea. 

506. Its framework is of about the same nature as 
that of other glands — a fibrous capsule and inner 
fibrous septa and trabecular. The septa and trabeculse 
contain in some places bundles of non-striped muscular 
tissue (Sertoli). 

507. The spaces of the framework are occupied by 
the parenchyma. This consists of spherical or cylin- 
drical masses of cells connected into networka The 
individual cells are polyhedral epithelial cells, each 
with a spherical nucleus According to Luschka, in 
the new-bom child they are ciliated. In the centre 
of each of the cell-masses lies a capillary blood-vessel, 
much convoluted and wavy. 

Numerous non-medullated nerve-fibres forming a 
plexus are situated in the framework of the gland. 
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spiralis, 327. 332. 

Cms cerebri, 142, 161. 

1 Crnsta of, 163. 

Crusta i>etro8a, 171. 
Crypts, 95. 

of LieberkUhn, 203. 209. 

Cuticle of Nasmyth, 172, 177. 
Cutis anserina, SRJ7. 
vera, 274. 



Cystic duct, 65. 
Cytogenons tissue, 92. 

Deiters' cells, 150, 331. 

phalanges, 332. 

processes, 141, 145. 

Demilunes of Heidenhain, 188, 
Dentinal canals, 173. 

fibres, 62, 173. 

sheaths, 178. 

tubes, 62. 

Dentine, 62, 172, 173. 
Descemet's membrane, 44. 
Diapedesis, 82. 
Diapbragm, 73, 88. 
Diaster stage in nucleus, 8. 
Diffuse adenoid tissue, 93. 
Dilatator, 65. 

pupillA, 302. 

Direct division, 7, 9. 

" Disc tectil," 121. 

Discus proligerus, 261. 

Disdiaclasts, 74. 

Distal convoluted tubes, 238. 

Division, Bemnlc's mode of, 7. 

Doy^re's nerve-mount, 125. 

Ductless glands, 338. 

Ducts of pancreatic gland, 65. 

of saJivary gland, 65. 

Ductus elaculatorU, 253. 
Dura mater, 127. 
Dural sheath, 317. 

Ear, External, 818. 

, Internal, 820. 

Efferent lymphatics, 102. 

medullated neirve-flbres, 116. 

veins, 40. 

Elastic fenestrated manbrane of 

Henle,44. 
Elastin, 43. 
Electric nerve, HI. 
Eleidin, 20. 
l&lementary flbrilla, 107. 

fibrils, 38. 

organisms, 4. 

Enamel, 171. 

cap, 175. 

cells, 175, 177. 

or^ran, 175, 177. 

pnsms, 171. 

End-bulbs of Zranse, 115, 119, 

294. 
Endocardium. 74, 76. 
Endoobondral formation of bone, 

55. 
Fndolymph, 32L 
Endomymnm, 66. 
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Endoaenxinm, 105. 
Endothelial ceUs, Btrocrtnre, 25. 

znemlmuie. 25. 

Endothelium, 25. 
Endotheloid eell-plates, 92. 
Engehnann's lateral disc, 68. 
Epioerebral space, 150. 
Epidermis, 19, 274. 
Epididymis, 65, 250. 
Epiglottis, 46. 93. 
Epinenrinm, 104. 
Epithelial cells, 16. 

division of, 24. 

regeneration of, 24. 

Epitheliam, 19. 
Epitheloid layer, 56. 
Eustachian tube, 819. 
External arcuate fibres, 144, 147. 

capsule of brain, 162. 

Ej-e, 290. 

lashes, 292. 

Uds, 291. 

Fasde, 87. 
FasoiGles, 9Q, 
Fasciculus cuneatna, 144. 

gracilis, 144. 

of GoU, 132,144. 

of Tilrk, 132, 142, 145. 

pyramidal direct, 19B. 

Fat cells, 39. 

and starvation, 41. 

Femur, 60. 
Fenestra oralis, 820. 

rotunda, 320. 

Fenestrated membrane, 30. 83. 
127. 

of Henle, 77. 

Fertilisation of ovum, 2. 
Fibro areuAttt, 296. 
Fibres, ConuectiTe tissue, 81. 

, Elastic tissue, 50. 

of muscle, 63, 68, 72. 

of nerves, 103. 

of Purkinje. 7& 

FibrillSB of connective tissue, 82. 

of muscle, 64. 

of nerve, 107. 

Fibro-cartilage, 48. 

Fibrous tissue development, 42. 

Fillet, 160. 

Fissura orbitalis, 65. 

Fissures of spinal cord, 190. 

FcBtal tooth papilla, 176. 

FoUicles, Lieb^ktthn's. 206. 

, Lymph, 92, 94. 100. 

, Sebaceous, 28d. 

, Thymus, 96. 

Fornix ooi\jimctive, 298. 



Fomiz vaginal, .^.r. 
Fossa glenoidalis, 48. 

navicularis, 254. 

patillaris, 807. 

Sylvii, 159. 

Fovea centralis, 810, 314, 315 

hemieUiptioa, 820. 

hemispherioa, 320. 

Fundus, 26(8. 

Funiculus of Bolando, 144. 

Gall-bladder, 65. 

Ganglia, CerelMKHspinal, 188, 141. 

, Sympathetic, 168. 

Ganglion oeUs, 138, 164. 
Gasserian gangliom, 163^ 
Gelatinous tissue, 45. 
Geniculate ganglion, 163. 
Genital corpus^es of Krause, 120. 

end-corpuscles, 115. 

organs (maleX 244. 

(female), 257. 

Germ reticulum of von Ebner, 247. 
Germinal endothelial cells, 28. 

eipithelium, 258. 

spots, 1, 259. 

vesicle, 1, 259. 

Germinating cells, 29. 
Girald€'s organ, 251. 
Gland, Prostate, 258. 
Glands, Bartholini, 270. 
Bronner, 206, 200. 

Buccal, 187. 

Carotic, 342. 

Ceruminoua, 278, 818. 

Coccygeal, 842. 

Harder, 295. 

Krause, 293. 

Lachrymal, 294. 

Lieberktthn's, 17. 

Litti^, 254. 

Lymphatic, 80, 84, 100. 

Meibomian, 298. 

Mohl, 292. 

Mucous, 179, 19L 

Peptic, 197. 

POTer, 95, 205. 

Py lone, 199. 

Salivary, 178. 

Sebaceous, 287. 

SoUtary, 95. 

Bnfamazillary, 179. 

Sweat, 276. 
OlandulsB agnunatn, 2C0l 

lenticulares, £00. 

Paochioni, 149. 

uterine, 266. 

Glans ditoridis, 270. 
penis, 255. 
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Glassy membrane, 281. 
Gliason's capsfole, 210. 
Globulin, 12. 
Glomerule, 150. 
Glatin, 31, 33. 
Glycogen, 14. 
Goblet cells, 18, 22. 
Graaaan f ollicles^ 258, 263. 
Gxandry's corpuscles, 120. 
Granular formation of Meynert, 
160. 

layer of PurlrinTe, 174. 

Granules in blood, 15. 
Granulosa membrana, 250. 
Grey commissure, 128. 
Ground lamelle, 53. 

plexus of Arnold, 12L 

. substance, 117. 

Growing capillaries, 82. 

Habenula perforata, 331. 
Hnmatin, 13. 
Hsematoidin, 13. 
H»matoplasts, 15. 
Hssmin crjrstals, 13. 
Unxnoglobin, 12. 

crystals, 13. 

Hair, 278. 

bulb, 282, 285. 

, Development of, 285. 

fibres, 282. 

foUicles, 278, 280. 

knob, 285. 

. , Marrow of, 282. 

, New formation of, 284. 

papilla, 285. 

, Boot of, 282. 

sheath of, 281. 

sac, 280. 

. Shaft of, 270, 288. 

Harder*s gland, 205. 
Haversian canals, 53. 

lameDsB, 53. 

spaces, 54. 

Heart and blood-vessels, 74. 
Helicotxema, 320. 
Hemisphere of brain, 152. 
Henle, Fenestrsted membranes 
of, 44, 77. 

, Fibres of. 44. 

^ Sheath of, 105. 

, Stratum nerveum of, 317. 

, Tubes of, 237 

Hensen's cells, 331. 
Hepatic cells, 212. 

duct, 65. 

lobules, 211. 

veins, 211. 

Herbst, Corpuscles of, 115, 118. 



Hilnm of glands, 98. 

of salivary glands, 180. 

of spleen, 226. 

Hippocampus, 150. 
Homogeneous elastic membranes, 

44. 
Howship's lacunas, 62. 
Hyaline cartilage, 46. 
Hyaloid membrane, 307. 
Hypophysis, 161, 338. 

Ileum, 205. 

Incremental lines of Salter, 174. 

Incus, 320. 

Indirect division, 7. 

Infundibula, 65, 161J163. 

of bronchiole, 220. 

of gland, 188. 

Inner molecular layer, 311. 

nuclear layer, 31L 

Interarticular cartilages, 48. 
Interfascicular spaces, 34, 86. 
Interglobular spaces of Ciermak, 

174. 
Interlobar ducts, 180. 
Interlobular bile-ducts, 213, 214. 
connective tissue of liver, 

210. 

ducts, 180. 

Intermediary cartilage, 48. 

plexus, 12L 

zone, 200. 

Intermembranous formation of 

bone, 55, 61. 
Intermuscular fibrils, 122. 
Internal capsule of brain, 163. 
Interstitial lamellsB, 53. 
Intervertebral discs, 48. 
Intestine, Lai^e, 201 

^ Small, 201. 

Intima of arteries, 76, 77. 
Intralobular bile-vessels, 213. 

ducts, 180. 

Intranuclear network. 
Iris, 300. 

, Blood-vessels of, 302. 

, Lymph-clefts of, 302. 

, Lymph-sinuses of , 302. 

, Nerve-fibres of, 802. 

Island of Beil, 168. 

Jaoobson's organ, 337, 338L 

Earyokinesis, 7, 48, 247. 
Kidney, 220. 

, Afferent arterioles of, 240. 

blood-vessels, 240. 

glomerulus, 1^. 
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Kidn^ lymphatics, 214, 315^ 243. 

parenchyma, 231. 

**~~* voBsolfl 241 
KiJlliker'B oeteoclasts, 62. 

Labia pudendi majora, 287. 
Labium trinpaiiicum, 327. 

Testibiiliire, 327. 

Labvrinth, Osseons, 820. 
Lacnrymal glanda. 294. 
Lacune Morgagni, 254. 

of bone, S2, 58. 

of cartiJafj^, 46. 

— — of lymphaticB, 86. 
LamellflB of bone, 54. 

of cornea, 296. 

— ^ of lens, 906. 
Tiamina criboea, 317. 

elastica of cornea, 295. 

fa8Ca,290. 

reticnlaris, 382. 

spiralis ossea, 820. 

vitrea, 301, 305. 

Langerhans' granular layer, 20. 

Larynx, 215. 

Lateral basilar process, 158. 

nndens, 149. 

tract, 143. 

Lens, 305. 

fibres, 806. ' 

■ ■ ■ ■ stars, 806. 
Lenticular glands, 96. 
Ligamentum denticnlatmn, 128. 

latum, 65. 

pectixuktum, 299. 

pulmonis, 221. 

spirale acoessorium, 826, 828. 

suspensory of lens. 807. 

Limitaas externa, 818. 

intoma, 310. 

Lines of Scbreger, 174. 
Liquor f oUicnJi, 260. 

sanguinis, 10. 

Littr^'s glands, 254. 
Liver, 88. 210. 

vessels of, 211, 212. 

Lobes of pancreas, 209. 

of sauTaiy gland, 180. 

of thymusgiand, 96. 

— - of lung, 220. 
Lobules of liver. 211. 

of lung, 220. 

of salivary glands, 180. 

of thymus gland, 96. 

Lung, 88, 219. 

Dlood-vessels, 223. 

lymphatics, 228. 

Lymph, 90. 

Lymphatic capillaries, 86. 



Lymphatic defts, 79, 86. 

glands, 80, 84, 100. 

rootlets, 86. 

sinuses, 88, lOL * 

^— tissae, 85. 

vessels, 79, 84. 92. 

Lymphatics, 65, 201. 

in mucosa, 190. 

Lymph-canal system in cornea, 86. 

canalicular 8yBt6m,86, 90, 297. 

cavities, 88. 

corpuscles, 90, 93. 

follicles, 92, 94. 

hearts, 90. 

Lymphoid cells, 29. 

Macula aoustica, 823. 

lutea, 310, 311, 314, 815. 

Malleus, 320. 

Malpighian corpuscles of Udn^, 

of spleen, 227. 

pyramids of Iddnev, 231. 

stratum of skin, Id. 

Mammary glund, 270. 
Manubrium mallei, 818. 
Marrow of bone, 50. 
Matrix of osseous substance, 52. 
Meatus auditorius externus, 318. 
Meckel's ganglion, 168. 
Media of arteries, 76. 
Median lateral fissure, 182. 
Mediastinum testis, 214. 
Medulla oblongata, 142. 

of gland, 99. 

Medullary cylinders, 100. 

lymph-sinus, 101. 

ray, 231. 

sheath of nerve-fibres, 107. 

108. 
Medullated nerv&ilbres, 106, 114, 

137. 
Meibomian glands, 292. 
Meissner's corpuscles, 191, 291. 

plexus, 17T), 201, 207. 

Membrana basilariA, 327, 828. 

chorio-cfupiilaris, 804. 

Descemen, 297. 

granulosa, 259. 

hyaloidea, 307. 

secondaria, 322. 

supra-choroidea, 803. 

tectoria. 832. 

tympani, 818. 

Membranes of Krause, 67, 74. 
Mesencephalon, 159. 
Mesentery, 88. 
Mesogastrium, 30. 
Migratory cells, 41. 
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Milk. 273. 

globnleB, 272. 

tooth, 177. 

Modiolus, 320, 326. 
Motor ganglion oells, 141. 
Movement of oilia, 22. 
Mnoin, 23. 
Muoosa, 189. 

, Lymph follicles of, 200. 

Mnoons cells, 183. 

glands, 179, 191. 

membrane, 189. 

Maco-saliyary glands, 179. 
Muons, formation of, 23. 
Mtiller's fibres, 310. 

mtis<de, 300. 

Muscle bundles, 64. 

oells, 64. 

corpuscles, 70. 

fibres, 63, 72. 

tissue, striped, 66, 189. 

, Non-striped, 63, 65. 

Muscular compartments, 67. 
Muscularis externa, 196. 

mucossB, 64, 195. 

Musoulus ciliaxis Biolani, 292. 

Myeloplax, 6. 

Myeloplaxes of Bobin, 61, 62. 

Nail, 288. 

cells, 289. 

groove, 288. 

substance, 289. 

Nasal mucous membrane, 333. 

septum, 46. 

Nerve Dundles, 104. 

corpuscles, 108. 

enaj>late, 124. 

endmgs, 112, 116. 

fibres, 108. 

plexus, 106, 111, 114. 

Network of fibrilln. 111. 
Neurilemma, 106. 
Neuroglia, 133. 

cdls, 133. 

fibrils, 133, 150. 

— — of Virchow, 45. 

tissue, 130. 

Neurokeratin, 107, 100, 135, 313. 

Nipple, 65. 

Non-medollated nerve-fibres. 111, 

114. 
Norris's blood corpuscles, 13. 
Nuclear layer in bulbus olfao- 

torius, 150. 

zone, 806. 

Nuclein, 6. 

Nucleoli, 6. 

Nucleus, Struotore of, 6. 



Nucleus caudatos, 162. 

cuneatns, 147. 

dentatus, 147. 
147. 
iticulaxis, 162. 
Nuclei, Tuner, of retina, 311. 

, Outer, of retina, 312. 

Nymphe, S^. 

Odontoblasts, 173, 174, 177. 
(Esophagus, 194. 
Oil-globule, 89, 40. 
Olfactory cells, 386. 

nerves. 111, ISO. 

Olivary iaodies, 148. 

nucleus. 147, 

Omentum ox cat, 29. 

of frog, 89. 

of guiDU9a-pig, 40. 

of rat, 32. 

, Structure of, 33. 

Optic nerve, 317. 

nerve-fibres, 310. 

tract, 162. 

vesicde, 316. 

Ora serrata, 810. 

Organ of Corti, 328, 889, 832. 

of Girald4, 251. 

of Jacobson, 887, 8S8L 

Ossein, 52. 

Osseous labyrinth of ear, 821^ 

Iamell89, 62. 

substanoe from osteoblasts, 

61. 
Ossionla auditus, S19. 
Ossifying cartilage, 48. 
Osteoblasts forming bone, 50, 57, 

61. 
Osteoclasts. 62. 
Osteogenetic layer, 49. 
Otoli^,324. 
Oval nucleus, 39. 
Ovary, 65, 257. 

, Development of, 263. 

, Lymphatics of, 268. 

> Nerves of, 268. 

Oviduct, 65, 265. 
Ovum^ 1, 8S0. 

Pacinian oorpuscdes, 115, 121, 291. 
Palate, 187. 
Palmn pUcatsB, 266. 
PalpebrsB, 293. 
Pancreas, 208, 209. 
PapiUa ciroumvallata, 192. 

filiformis, 191. 

foliata, 193. 

fungiformis, 191. 

nervi optioi, 303. 
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Papillary hair of Unna, 280. 

muscle, 75. 

PaiBglolmlin, 12. 
Paienchyma <A testis, 258. 
Parenohymatons cartilage, 48. 
Parietal cells, 199. 
Pars dliaris retins, 803, 805, 810. 

membraxiacea, 254. 

prostatica, 254. 

Pednnonlated hydatid of Mor- 

gragni, 251. 
Pedimonlns oerebelli, 144, 152. 
Penis, 255. 

corpora oaremosa, 255. 

nerve endings, 120. 

Peptic glands, 197. 
Perihronchial l^pnphatios, 220, 224. 
Pericardial cavities, 88. 
Perioellnlar space, 141. 
Peridhondriam, 45, 46. 
Perilymiph, 821. 
Perimystum, 06. 
Perineorinm, 104, 121. 
Periosteal hone, 50, 61. 

formation, 55. 

processes of Yirohoir, 55. 

Periostenm, 50. 

Peripheral nerve-endings, 112, 115. 

Peritoneal cavities, 88. 

Peritonenm, 65. 

Perivascnlar lymphatics, 89, 224. 

lymph-spaces, 151. 

spaces of His, 141. 

Pes, 161. 

Peer's glands, 95, 205. 

patch, 95. 

Phaiynx, 190. 

tonsil, 94, 190. 

Pia mater, 80, 127. 
Pial sheath, 817. 
Pigment cells, 28, 87. 
Plasma, 10. 

cells, 41, 100. 

Pleura pnlmonalis, 65, 220. 
Pleural cavitien, 88. 
Plexus cfaozoideiis, 150. 

myentericos, 173, 201, 217. 

of Meissner. 201, 207. 

venosns vagmalts, 269. 

Plicevillos»,li7,204. 
Pons Varolii, 142. 152, 154, 159. 
Porta hepatis, 210. 
Portio mUeri, 800. 

vaginalis nteri, 266. 

Posterior nerve roots from spinal 

cord, 186. 
Prickle cells, 23. 
Primitive dental groove, 175. 
fltariUte, 107, 111, 188. 



Primitive fibrils, 69, 118. 

ora, 263. 

Prostate, 253. 
ProtcmlaiBm, 1. 

, Btmctore of, 6. 
Protoplasmic membrane, 39. 
Proximal convoluted tubule, 23.S. 
Pulp tissue, 227. 
Pulvinar, 162. 

Purkii^e's ganglion oeUs, 152, 154. 
Pyloric glands, 196, 199. 
Pyramid: of Feixein, 238. 
Pyramidal decossataon, 142. 
traoto, Itt. 

Bami capeulares, 214. 
Banviers oonstxlctionB, 106. 

nodes, 108. 

Baphe, 147, 156. 

Bed blood corpusdes, 10, 12. 

Beissner's membrane, 826, 328. 

Benukk's fibrous layer, 77. 

— — nArve-fibre, 111. 

Bete Malpighii, 19. 

muoosnm, 19. 

testis, 250. 

Betieular cartilage, 40. 

formation, 156. 

Betina, 806. 

1 Blind spot of, 809. 

, Blood-vessels of, 817. 

, Qanglion cells of, 811. 

, Lymphatics o?, 817. 

Bhodopsin of Kuhne, 314. 
Bods and cones, 813. 
BoUet's secondary substance, 66. 
Bosette stage in nndens, 8. 
BagSB, 268. 

Saccules, 821, 822. 

Saccns endolymphatlous, 381. 

SaUva, 189. 

Salivary cells^82. 

gliuids, 178. 

, Blood-vessels <rf, 186, 

, Ducts of, 180. 

, Lobes of, 180. 

, Lobules of, 180. 

, Lymphatics of, 186. 

, Nerves of, 186. 

Saroode of DnJardin, 5. 
Sarcolemma, Wi^ 68, 73. 
Scala ^onpani, 820. 

vestibnU, 820. 

Sohultse's protoplasm, 8. 
Schwann's cells, 5. 
Solerotio, 298. 
Scrotum, 64. 
Sebaceous follicles, 286. 
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Semidronlflr canals. 820, 328. 
Semflnnar yalves, 75, 86. 
Seminal oells, 247. 

tubules. 216, 252. 

Sensory ganglion cells. Ul. 
Septum cistenuB lymphatioe, 80. 
Serous glands, 178, 18& 

membranes, 89. 

Sesamoid cartOages, 4B. 
Sharpey's perforating fibres, 5i. 
Sheath of Henle, 116, 119. 

of Schwann, 108. 

Simple axis cylinders. 111, 114. 

lymphatio glands, 92. 

Skin. 27^ 

- — blood-vessels of, 289. 

lymphatics of, 290. 

nerves of, 290. 

Solitary glandis, 95. 

lymph f ollioles, 205. 

Spaces of Fontana, 299. 
Spermatoblasts, 247. 
Spermatozoa, 249. 
Sphincter papiUee, 301. 
Sphincters, 65. 
Spinal cord, 127. 

—— grwr matter, 128, 196. 

white matter, 128, 130. 

Spiral tubule, 237. 
Spleen, 225. 

, Capsule of, 225. 

, Lymphatics of. 229. 

, Merve-flbres of, 229. 

, Parenchyma of, 226. 

, Pulp of, 226. 

, Bed blood corpuscles of, 16. 

, Trabecnls of, 226. 

Spongy bone substance, 54. 
Squamous epithelial cells, 18. 
Sternal cartilage, 47. 
Stigrmata, 82. 
Stomach, 196. 
Stomata,29,82,89,824. 
Stratified colunmar epithelium, 

21. 

pavement epithelium, 20. 

Stratum adiposum, 279. 

cinereum, 160. 

comeum, 19, 274. 

gelatinosum, 159. 

glomerulosum, 159. 

lucidum, 19. 

Malpighii, 274. 

opticnm, 160. 

Stria vasculacis, 328. 

Stroma, 12. 

Subarachnoidal spaces, 88, 127, 

150, 318. 
tissue, 128. 



Subcutaneous lymphatics, 88. 
Subcutaneous tissue, 2Z5. 
Subdural spaces, 88, 127, 150. 
Subendocardial tissue, 74, 75. 
Subepithelial endothelium of I>** 

bove, 85. 
Subhyaloid cells, 307. 
Submaxillary ganglion, 168. 
Submucosa, 189. 
Submucous lymphatics, 88. 
Subperlcardial nerve branches, 

tissue, 74. 

Substantia gelatinosa, 184. 

nigra, 161. 

Snbvagmal space, 818. 
Sudoriferous canal, 276, 277. 
Sulcus hippocampi, 159. 

spindis, 327, 328. 

Superior piBdnnouIus oerebelli, 

Snprachoroidal tissue, 300. 
Suprarenal bodies, 840. 
SupraTSiginal space, 818. 
Sweat glands, 65, 276, 290. 
Sympathetic system, 166. 



syste 
ties. 



Synovial cavities, 88. 

Tactile corpuscles, 115, 118. 

■ 1,286. 
Tai 



hairs, 

tum nigrum, 301, 308, 305, 



ipet 

n5. 

Tarsal plate, 292, 203. 
Taste buds, 193. 

cells, 198. 

goblets, 193. 

Teeth, 171. 

cement, 174. 

development, 175. 

pulp, 174. 

Tegmental ce'ls, 198. 
Tegmentum, 160, 161. 
Teichmann's cnjstals, 18. 
Tendon cells, 38. 
Tendons, 87. 
Tenonian capsule, 318. 

space, 318. 

Tensor choroideso, 300. 
Terminal bronchi, 221. 
Testis, 244. 

Thalamencephalon, 161. 
Thalamus opticus, 157, 161, 168. 
Thoracic duct. 84. 
Thymus follicles, 96. 

gland, 96. 

Thyroid cartilage, 46. 

gland, 339, 340. 

Tongue, 190. 

serous glands of, 191. 
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Tomdls, 05. 

Tonob-cellB of Merkel, 115, 119. 

^)orpiuclM of ICerkel, 120. 

TrabeGnla oarnesB, 75. 
->— of lymphatios, 05. 

of spleen, d5. 

Tzadhea, 46, 85, 817. 
IVaotag^olfaotoriuSf 150. 

optdoos, 102. 

Transitioiial epitheUam, 21. 
Tub» Ewttaomi, 910. 
Tuber dnereum, 161, 163. 
Taberde of Bolando, 145. 
Tabes of epididjmui, 252. 
Tunica adnata, 244. 

albnginea, 244. 

dartos,65. 

■ ■ fibrosa, 261. 
— ^ jnopria^ S28. 

vaginaluL 244. 

Tyson's glands, 255. 

Urea, 901. 
Ureter, 290, 248. 
Urethra, Female, 260. 

, Male, 254. 

Urinary tubules, 23L 
Uterus, 64, 265. 
Utride, 821. 

yag1na»«5,868. 
Varicose nenre-flbres, 110. 
Vas deferens, 65, 252. 

rectum, 250. 

Vasa efferentia, 250. 
Vasoularisation of cattilage, 55. 
Vater's ooipuades, 118. 
Veins, 66. 

, Intima of, 70. 

, Media <rf, 70. 

of the bones, 78. 



Veins of the brain, cord, gravid 
uterus, membranes, and retina, 
80. 

1 Valves of, 70. 

Vena azillazis. azjgos. cava, cru- 
ralis, bepaoca, utuna, lliaGa, 
mesentenca, poplitea, renalis, 
spermatica, and umbiUcalis, 80. 

jugnlaris, and subclavia, 70. 

VenflB rectn, 242. 

stellata, 242. 

vorticosflB, 805. 

Venous radicles, 227. 

sinusCM, 227. 

Ventricle, Fourth, 148. 

Ventricles, 76. 

VesiouleB seminales, 65, 253. 

Vestibulum, 270. 

Virchow's crystals, 18. 

Visceral pericardium, 74. 

peritoneum, 104. 

Vitreous body, 807. 

White blood corpuscles, IS, 16. 

commissure, 185. 

fibrous tissue. 80. 81. 

substance of nnaui, 151. 

of cord, 110. 

of Schwaim, 107, 108. 

Wolffian body, 258. 

Wreath arrangement of nucleus, 8. 

Yellow elastic cartilage, 40. 
tissue, 43. 

Zona fascioalata, 841. 

glomerulosa, 340. 

pelluoida^ 250. 

retioulans, 34X 

vasculosa, 257. 

Zonula dliaris, 807. 
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THIS Series has been projected to meet the 
demand of Medical Students and Practi- 
tioners for compact and authoritative Manuals which 
shaU embody the most recent discoveries, and pre- 
sent them to the reader in a cheaper and more 
portable form than has tiU now been customary in 
Medical Works. 

Each Manual will contain all the information 
required for the Medical Examinations of the various 
CoUeges, HaUs, and Universities, in the United 
Kingdom and the Colonies. 

The Authors will be found to be either Ex- 
aminers or the leading Teachers in well-known 
Medical Schools. This will ensure the practical 
utility of the Series, while the introduction of the 
results of the latest scientific researches, British and 
Foreign, will recommend them also to Practitioners 
who desire to keep pace with the rapid strides 
that are being made in Medicine and Surgery. 

In the rapid advance in modern medical know- 
ledge new subjects have come to the front which 
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have not as yet been systematically handled, nor 
the facts connected with them properly collected. 
The treatment of such subjects will form an im- 
portant feature of this Series. 

New and valuable Illustrations will be freely' 
introduced. The Manuals will be printed in clear 
type, upon good paper. They will be of a size 
convenient for the pocket, and bound in red cloth 
limp, with red edges. They will contain from 300 
to 640 pages, and will be published at prices 
varying from 4 s. 6d. to 7 s. 6d. 
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